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Abstract 
 
The rail industry in Australia, composed of several key rail operators, is heavily regulated 
around track design and safety by means of industry standards and their associated guidelines. 
Current guidelines for track drainage in the Australian rail industry, as based on industry 
standards, may be considered overly conservative when considering the Time of Concentration 
for storm water to pass through a ballast track environment. There may be some benefit by 
adopting a less conservative formula for calculating Time of Concentration to achieve cost 
savings in constructing rail infrastructure, where rail corridors would be more appropriately 
designed to efficiently capture storm water falling onto the ballast track environment.  
 
The research paper considers whether Time of Concentration, as measured by the 
Rational Method, has been correctly utilized by rail industry standards within NSW, Australia. 
The aim of this project is to challenge NSW current rail drainage standards by using an 
alternative calculation for Time of Concentration of track drainage when simulating rainfall 
using a physical, purpose-built rainfall simulator.  
 
The project encompasses a review of current NSW industry standards and guidelines in 
respect of track drainage; of the requirements for replicating rainfall when using rainfall 
simulators, and of track components used to make up a typical ballasted rail track profile.  
 
A rainfall simulator is designed and developed in order to simulate rainfall and test Time 
of Concentration within a ballast track environment in a specific site location near Sydney. 
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Rainfall with known intensities is applied to a plot area representative of a typical rail track 
subsoil drainage system found in NSW as outlined in the Australian Standards Authority (ASA). 
The results of the experiments are compared to standards for drainage design as outlined in the 
ASA standards.  
 
The justification for research lies in the possible benefits to designers and construction 
teams, as smaller pipes have much greater flexibility to navigate around the many utility service 
pits and structures commonly found in a rail environment. It is suggested that rail industry 
guidelines may need to be re-considered by key rail industry rail operators, in order to achieve 
time and cost efficiencies when constructing the ballast track environment.  
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Rail transportation offers an economic and efficient mode of transport. Rail provides 
access for the transport of freight over long distances and provides a safer and more 
convenient means of carrying passengers within urban areas. Australia currently has over 
43,000 km of rail track in varying gauges across multiple states (Tennakoon, 2012). The 
railways play a vital role in the country’s economy and as such, Australia’s federal 
government is expected to expend AU$46 Billion over the next decade (Commonwealth of 
Australia, 2017) on track infrastructure and maintenance.   
 
A major component in the design operation and maintenance of track infrastructure is 
track drainage. Poor drainage directly influences structural performance of the track system. 
If drainage is not managed appropriately, the impermeable layers within the formation 
become saturated and remain saturated for virtually the life of the track. Saturation weakens 
subsurface layers and may cause a continual heaving and settlement as well as an erosive 
slurry which deteriorates the ballast and superstructure (Heyns, 2000). 
 
This paper follows on from a model review of investigation of Time of Concentration 
within a ballast track environment where a numerical model was developed by Anderson 
(2017). Anderson (2017) points out the current prevailing issue in rail drainage design is that 
while the Rational Method is specified for use due to its quick calculation qualities for 
designers, there is an absence of data to accurately calculate the Time of Concentration and 
the runoff coefficients of a rail catchment. 
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1.2 Hypothesis 
 
It is hypothesized that current track drainage standards may be overly conservative in 
estimating time taken for water to enter the drainage pipe system and reach peak flow and 
following that, the Time of Concentration is much longer than stated in the Australian 
Rainfall and Runoff (Pilgrim, 1987).  The methodology for the testing of this assumption can 
be reviewed in Chapter 3, results may be reviewed in Chapter 4, and discussions and 
conclusion reviewed in Chapter 5. The reasoning supporting this hypothesis are multiple.  
 
First, precipitation falling onto the track ballast will generally infiltrate rather than run 
off the surface, unless the ballast is highly fouled. Assuming the subsoil drainage is efficient 
and ballast is clean, large voids created by the angular dimensions of rail track ballast allows 
for a considerable volume of water to be stored within the ballast and subsoil drainage layers. 
This storage may act as a detention mechanism slowing the infiltration into the drainage 
network.  
 
Secondly, the nature of track ballast allows for a complex void network which allows 
for a dissipation of energy and a complication of flow through the track medium. Aggregate 
sizes as specified by the Australian standards (Standards Australia, 2015) of track ballast 
allow for pockets of water to form which could considerably delay infiltration into the 
drainage network, thereby increasing the Time of Concentration.  
 
Lastly, the design standards in NSW for track drainage refer to the use of the 
AR&R87 whereby the Rational Method is specified as the preferred design method. The 
Rational Method is suited for use as a basic method covering an area larger than the track 
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requirements, and as such assumes direct overland flow without taking into account 
infiltration or storage. The Rational Method equation estimates an overland flow time, based 
upon the flow path length, rainfall intensity, surface roughness and slope. Due to the variation 
in flow depth through the ballast and the increasing head loss, it may be difficult to select an 
accurate surface roughness coefficient, such that Time of Concentration is measured 
precisely.  
 
For the main reasons mentioned above, it is believed that the current rail design 
standards for peak flow may be overly conservative, necessitating review such that designers 
may utilize smaller pipes in constructing rail corridors, with the effect that improvements are 
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1.3 Aims and objectives of this project 
The aim of this project is to test current rail drainage standards for subsoil drainage in 
NSW, Australia, by using industry standard guidelines as a theoretical base for track drainage 
and testing such standards with a physical rainfall simulator. This paper deals specifically 
with subsurface drainage typically found near platforms, cuttings between multiple tracks, 
bridges and junctions. The method of investigation is to simulate a known rainfall intensity 
onto track ballast and record the time it takes to infiltrate into a typical drainage system.  
 
The project encompasses a review of current industry standards and guidelines in 
respect of track drainage, a review of the requirements for replicating rainfall when using 
rainfall simulators, and a review of track components used to make up a typical ballasted rail 
track profile. More specifically, this project determines the actual Time of Concentration by 
using a rainfall simulator over a predetermined rail cross section and comparing it to the 
Assets Standards Authority (ASA) Track drainage standard (T-HR-CI-12130-ST) (Transport 
Asset Standards Authority, 2015a) for track subsoil drainage design.  
 
In summary, the objectives of this study are to: 
 Develop a rainfall simulator for the purpose of conducting investigations;  
 Determine the accuracy of the Assets Standards Authority (ASA) Track drainage 
standard (T-HR-CI-12130-ST) (Transport Asset Standards Authority, 2015a) by 
comparing design results with results from a physical rainfall simulation; 
 Investigate the effect of rainfall intensities on ballast storm water drainage; and 
 Investigate the Time of Concentration on rail ballast.  
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2. Literature review 
2.1. Background of Rail in Australia 
Australia's first rail systems were mostly built when the country consisted of widely 
dispersed colonies, with the first rail line being constructed in 1831 by the privately owned 
Australian Agricultural Company in Newcastle. It was on an inclined track, transporting coal 
from open coal pits. (Austrailian Government, Department of Infrastructure, Regional 
Development and Cities, 2019).  
 
Figure 2-1 Route for the Sydney to Parramatta Railway (Birch, 1957) 
 
The construction of the rail network throughout Australia has had a patchy history. 
Planners gave little thought to connecting their railways with other rail systems and, as a 
result, this has led to a variety of rail track sizes, specifications and operational policies from 
one Australian state to another. (Cement Concrete & Aggregates Australia, 2014). While 
historically rail infrastructure within Australia was mainly governed by the relevant state, 
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with privatization in the 1990s, private companies now operate the majority of trains in 
Australia.  
 
The rail industry today in Australia is comprised of numerous governing bodies, 
which define standards, including for rail corridor geometry and design. The New South 
Wales (NSW) network is controlled by Transport for NSW (TfNSW), although it has 
allocated entities to manage the infrastructure system on its behalf. The major track 
infrastructure operators and their subsidiaries in NSW include Sydney Trains, John Holland 
Group and the Australian Rail Track Corporation (ARTC). A summary of track operators is 
provided below. 
 
 Sydney Trains and NSW Trainlink  
o The major track operator within NSW, operating out of the metropolitan area 
within Sydney 
o Formally known as Railcorp, which owned and managed the metropolitan rail 
network and operated passenger services throughout the state of NSW. Since 
July 2013, two new organizations were created to take over operation of the 
services. Sydney Trains acquired all suburban services in the Sydney 
metropolitan area bounded by Berowra, Emu Plains, Macarthur and Waterfall 
from RailCorp's CityRail division. Intercity and Hunter Line services 
previously operated by CityRail were taken over by NSW TrainLink. RailCorp 
remained as the owner of the network infrastructure. In July 2017, Sydney 
Trains and NSW TrainLink ceased to be subsidiaries of RailCorp and became 
independent standalone agencies. 
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o Nowadays, Sydney Trains maintains trains and a large proportion of the 
infrastructure is used by NSW TrainLink. 
o Guidelines used by Sydney Trains are the Assets Standards Authority (ASA) 
guidelines relating to rail design, including subsoil drainage design. 
 
Figure 2-2-Sydney Trains (Railcorp) simplified map of operation for Regional Trains and coaches 
(2019) 
 
 Country Regional Network 
o Country Regional Network (CRN) was traditionally managed by TfNSW. 
o John Holland Rail became the first privately owned organization to operate a 
government owned heavy rail network, when in 2012 they took over the 
operations of CRN on behalf of TfNSW. 
 
 John Holland Group  
o Most of its infrastructure is under lease from NSW state government. 
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o John Holland Rail engineering standards assure the integrity of the design, 
construction and maintenance of the Country Regional Network (CRN).  
 
 Australian Rail Track Corporation (ARTC)  
o ARTC is a federal government owned corporation established in 1997.  
o It owns, leases, maintains and controls the majority of main line standard 
gauge railway lines on the mainland of Australia, known as the Designated 
Interstate Rail Network (DIRN). 
o ARTC publicly issues their own standards for the design and construction of 
their network in NSW and Victoria.  
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2.2. Track Operator Guidelines in New South Wales 
To provide a standardization of track infrastructure, the rail track operators mentioned 
in the previous chapter have outlined guides and standards to be followed covering 
disciplines such as rolling stock, signaling, civil and electrical related subjects. Track 
drainage is an important sub system of a functioning rail system and is covered under the 
Civil component.  
 
Table 2-1 Track operator drainage related standards 



















































A summary comparison of drainage guides across operators is illustrated in Table 2-1, 
setting out methods for calculating peak rate of discharge. TfNSW has implemented 
standards through the Asset Standards Authority (ASA) for track infrastructure. Sydney 
Trains adheres directly to these standards; John Holland standards are near identical and 
ARTC implements a similar version of the ASA set of standards in their manuals.  
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All manuals outline the drainage design process which comprises of the following 
tasks: 
a) Preliminary investigation. 
b) Determination of the type of system required. 
c) Estimation of capacity required. 
d) Sizing the components. 
e) Selecting other components required 
(Transport Assets Standards Authority, 2015b) (John Holland Rail, 2016b) (Australian Rail 
Track Corporation Ltd, 2013)  
 
The Standards go into detail in describing each stage, but generally the purpose of the 
preliminary investigation is to establish a high-level requirement of the drainage system and 
identify any restrictions that may inhibit the functioning of the system. The type of drainage 
system is then determined based on restraints and site conditions. An estimation of the 
required capacity is then calculated based on inputs from the surface catchment, subsurface 
interception and water from connecting systems.  
 
The method for calculating peak flow rate “shall be” [Section 9 (Transport Asset 
Standards Authority, 2015a)] the Rational Method, although it is later stated that the 
hydrograph method may also be used. The components are sized according to either 
maintenance or flow requirements. Components are then selected based on the local 
condition requirements.  The Flow chart of the intended overall generic design process is 
illustrated in Figure 2-3 and is identical across all three sets of standards.  
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Figure 2-3 Overall design process Appendix A.1 (Transport Assets Standards Authority, 2015b) 
 
As Figure 2-3 illustrates, drainage is divided into two categories; surface drainage and 
subsurface drainage. The design process for subsurface drainage is illustrated in Figure 2-4 .  
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Figure 2-4 Subsurface drainage design Appendix A.3 (Transport Assets Standards Authority, 2015b) 
Note:  QPF = water quantity (m3/s or l/s); QR = run-off quantity collected (m3/s or l/s); QS = 
subsurface water quantity intercepted (m3/s or l/s); QC = collected water quantity from a drain of a 
connecting system (m3/s or l/s) 
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Subsurface drainage is necessary for maintaining the integrity of the track formation 
and ensuring the stability of earth slopes, however, it is generally not preferred over surface 
drain options due to maintenance requirements and cost. Generally, subsurface drains are 
used where adequate surface drainage cannot be provided due to some restriction or lack of 
available fall due to outlet restrictions. Typical locations where these circumstances may 
occur would be platforms, cuttings, junctions, multiple tracks and bridges (Transport Assets 
Standards Authority, 2015b). 
 
As the process to determine peak flow as described in the Australian Rainfall and 
Runoff (AR&R) (Pilgrim, 1987) can be tedious, computer modelling may be undertaken to 
reduce the design time. If computer models are used, then a range of storm events 
representing varying rainfall duration need investigation. The drainage design is to be carried 
out adopting the critical rainfall event as estimated. If using hand calculations, Appendix D in 
the ASA manual T HR CI 12130 MA (Transport Assets Standards Authority, 2015b) may be 
used as a calculation sheet. The John Holland Group have a similar calculation sheet in their 
manual CRN CM 421 as Appendix 3 and ARTC have Form 2 attached to the back of their 
standard RTS 3433. 
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2.3. Track Structure and Subsoil Drainage Systems 
The purpose of track is to enable trains to move by providing a reliable surface for 
carriage wheels to roll upon. It is intended to withstand the combined damaging effects of rail 
traffic loading and environmental elements for a predetermined period of time. The track and 
its subcomponents seek to be cost effective in terms of train operations, capital costs and 
maintenance, while providing a smooth journey for passengers and freight. To achieve these 
requirements, the rail track structure is made up of several components. 
 
 
Figure 2-5 Typical ballasted railway track cross section (Tennakoon, et al., 2014) 
 
Generally, the track components, as illustrated in Figure 2-5, include the subgrade or 
formation layer, sub-ballast or capping layer, and the ballast layer which anchors the sleepers 
and track.  
 
2.3.1. The Subgrade or Formation 
ASA standard TMC202 (Transport Asset Standards Authority, 2012) defines the 
formation as the base under the track. It generally consists of insitu or selected material that 
has been compacted to form a structural layer, however imported or treated material may be 
required to achieve the structural requirements. Proof rolling is done on layers to detect any 
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possible soft or unstable pockets of fill. The formation earthworks are generally cut to slope 
away from the centre on double track and from the high side of the formation to the low side 
on single track. The purpose of cross-fall is to help drain water away from the formation 
layer.  
 
2.3.2. Capping and Sub-Ballast 
As described in ASA standard TMC202 (Transport Asset Standards Authority, 2012) 
definitions, the capping layer is a compacted layer of selected materials that seals the 
earthwork underneath and provides support as a structural fill to the ballast layer above. 
Other functions as described by Tennakoon (Tennakoon, 2012) includes extending the 
subgrade frost protection, separating the subgrade and ballast and preventing interpenetration 
and preventing fine material such as clays from subgrade to migrate upwards to foul the 
ballast layer, shedding of water to the drainage systems and allows groundwater drainage.  
 
The capping layer consists of well graded natural or artificially blended sandy gravely 
soil. It has sufficient clay fines to provide a binder effect, and a sealing layer to permit it to be 
compacted to high densities. It is essential that the capping layer is not damaged during track 
maintenance. Geosynthetics may be used to provide additional strength over weaker 
formations. These fabrics allow water to drain through but stop mud and dirt coming up from 
the formation (Transport Asset Standards Authority, 2012) 
  
Sub-ballast is similar to the capping layer, however, it is a 'permeable capping' which 
may be more appropriate than an impermeable capping under certain circumstances, where 
the foundation consists of free draining materials such as rock fill or sand. Sub-ballast is 
designed as a filter material to limit fouling by subgrade material and to prevent itself from 
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fouling the ballast. Sub-ballast can provide a better solution than impermeable capping in 
areas where the subgrade is constantly wet or in soft rock formations. The performance of 
sub-ballast is not diminished by saturation to the same extent as capping, and sub-ballast is 
more easily compacted. Laboratory testing of both the subgrade and the ballast is required to 
be able to design a grading for sub-ballast. 
 
2.3.3. Ballast 
The term “ballast” comes from a nautical term for the stones used to stabilize ships 
during loading and transportation (Cement Concrete & Aggregates Australia, 2014). Ballast, 
as defined by ASA (Transport Asset Standards Authority, 2018a), is a free draining coarse 
aggregate or metallurgical slag used to support railway tracks. Ballast originates from 
crushed rock and is generally readily available and abundant which makes it an economical 
choice to other alternatives. The main function of the rail ballast is to retain the sleepers and 
rail in place, transmit loads from the track to underlying strata below and to allow for rapid 
drainage. Other advantages include the retardation or containment of vegetation growth, 
facilitation of maintenance operations, the absorption of noise and its electrical resistance 
(Rushton & Ghataora, 2009) (Tennakoon, 2012). 
 
Ballast for rail use is specified in the Australian Standards 2758.7 Railway Ballast 
(Standards Australia, 2015) and referenced in the ASA standards, T HR TR 00192 ST Ballast   
(Transport Asset Standards Authority, 2018a). To meet the Australian Standards requirements, 
ballast needs to meet grading requirements (as outlined in  
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Table 2-2 Railway ballast – Grading requirements), parent rock density, bulk density 





Table 2-2 Railway ballast – Grading requirements (Standards Australia, 2015) 
 
 
Ballast grading and material properties have a significant impact on the performance 
of the track. Poor ballast grading may affect the drainage by reducing the void areas and 
restricting flow movement and drainage abilities.  
 
Ballast has the important function of retaining the sleepers in position and 
transmitting the load to the underlying material. It also provides rapid drainage of water 
entering from above. Fouling of Ballast can occur during tampering, infiltration of fines from 
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the surface, sleeper wear and upwards migration from the underlying layer. Fouling decreases 
the effectiveness of drainage, leading to further deterioration of the ballast and the risk that 
the capping layer will fail (Rushton & Ghataora, 2009). 
2.3.4. Track Subsurface Drains 
Subsurface drains are normally used for track drainage can be classified into three 
types per their location and geometry as follows: 
 transverse drain  
 drainage blankets  
 longitudinal drain 
(Transport Assets Standards Authority, 2015b) 
 
Areas such as platforms, cuttings, junctions, multiple tracks and bridges tend to use 
longitudinal drains consisting of either aggregate drains, pipe drains, geotextile drains, or a 
combination of these, to remove excess water.  
 
 
Figure 2-6 Cross-section of an aggregate drain (Transport Assets Standards Authority, 2015b) 
As illustrated in Figure 2-6, aggregate drains consist of permeable granular material 
that allow free flow through the medium and have generally geotextile filters. 
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Figure 2-7 Cross-section of a typical subsoil drain with pipe (Transport Assets Standards Authority, 
2015b) 
 
Pipe drains consist of perforated or slotted pipes, installed by trenching and 
backfilling. Filter material, typically such as 20mm aggregate, surrounds the pipe which 
minimize clogging of the drain perforations or slots. Drainage pipes used in the rail corridor 
are required to meet specific standards. The minimum pipe size that may be used in the rail 
corridor in NSW is a 225mm diameter. Larger diameter sized pipes reduce the likelihood of 
the system becoming blocked and enable easier maintenance (Transport Assets Standards 
Authority, 2015b) 
 
Installation of the pipes require trenches. The width of trenches should only be as 
wide as necessary to ensure proper installation and compaction. The minimum trench width is  
the pipe diameter plus 150mm either side. For longitudinal drains located either within 
2500mm of the track centre line or between tracks where track centres are less than 6000mm, 
the minimum trench width may be pipe diameter plus 100mm on each side.  
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Figure 2-8 A 225 diameter Slotted Pipe typically used in the rail corridor (supplied courtesy Rocla) 
 
2.4. Drainage Design  
Typically track drainage design relies on previous design models and calculations as a 
starting point and continues as a developmental design whereby the final outcome may differ 
markedly from the initial start. As long as the work is based on familiar models or previous 
designs, the knowledge they possess is perfectly adequate to enable them to find a solution 
along conventional lines (Haik & Shahin, 2011). Design guidelines and standards, set out by 
legislation and operator requirements, such as the AR&R and guidelines discussed in Chapter 
0, contain starting points for a developmental design to follow.  
 
2.4.1. Modelling the Drainage of Railway Ballast 
 The drainage of a railway ballast is required to be properly modelled.  A good track 
drainage model involves considering all possible sources of water and providing an adequate 
drainage system for each source. An improved ditch design procedure involves finding the 
optimum ditch alignment that provides the minimum soil excavation for assumed track 
conditions, while discharging water away from the track to the designated outlets. Following 
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such procedures can improve the effectiveness of ditching and undercutting operations and 
can potentially cut long-term maintenance costs (Heyns, 2000) 
 
The development of a subballast drainage approach requires keeping the subballast 
drained, given that saturated subballast subjected to cyclic traffic loads will deform and may 
even liquefy. The variables to be considered in the design approach include rainfall intensity, 
hydraulic conductivity of the subballast, subballast layer thickness, length of subballast 
drainage path, and slope of the subballast/subgrade interface. The potential for subballast 
saturation can be reduced by shortening the subballast drainage path or by using clean 
subballast material, such as a mixture of coarse sand and gravel (Heyns, 2000).  
 
2.4.2. The Rational Method 
The Rational Method was first introduced in 1889 by Kuichling for small drainage 
basins in urban areas (Molinas & Mommandi, 2012). The early use of the Rational Method 
was to estimate the discharge from small catchments during real storms. As described in the 
Australian Rainfall and Runoff (Pilgrim, 1987), the Rational method is the preferred method 
used calculate peak flow rate. The Rational Method is a probabilistic or statistical method 
that is based on an idealized concept on how runoff from a catchment surface is produced 
from rainfall.  
 
The equation for the Rational Method is shown below as: 
𝑸 = 𝑭. 𝒄 . 𝑰 . 𝑨   Equation 1 
 
where  𝐹 =
1
36
  for metric conversion 
c = runoff coefficient 
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A = Area in km2 
𝑄 =  𝑚
3
𝑠⁄  
I = intensity  (generally acquired from the Burau of Meteorology (BOM) website or 
from within Volume II AR&R). 
 
The method uses an average rainfall intensity-frequency-duration (IFD) relationship 
over a reoccurrence period and assumes a constant rainfall, whereas rainfall during actual 
storms is generally not constant. In NSW, the Bureau of Meteorology (BOM) produces IFD 
charts and tables to assist designers with characterization of the area in question. The method 
is suited for areas of up to 65 hectares with no significant storage in the drainage basin. 
 
Numerical calculations for determining drainage catchments is generally done using 
tools such as CADD (such as Autocad; Microstation or 12D) or GIS systems (such as ArcGIS 
and QGIS). Programs such as DRAINS and 12D are used to calculate the hydraulics and 
Time of Concentration for the catchments.  
 
To use the Rational Method, it is necessary to adopt an average recurrence interval 
(ARI). Common ARI for track drainage is 50 years although less conservative ARI’s may be 
explored if supported by an approved risk assessment (under the John Holland Group 
standards). 
 
2.4.3. Time of Concentration (Tc) 
The Time of Concentration refers to the time required for water to flow from the 
farthest point on a catchment to its outlet during a storm, following flow paths dictated by 
topography. Times of flow are complex, since they depend on intensity of rainfall as well as 
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surface effects and, as such, a time constant does not exist (O’Loughlin, et al., 2018). The 
concept of Time of Concentration is useful for describing the average time taken for a 
watershed to reach peak flow.  If the storm duration is less than the Time of Concentration, 
then the catchment is not fully contributing runoff to the outlet for the storm length and 
therefore, the storm length is the same as the Time of Concentration for use in estimating 
peak flows. 
 
The Time of Concentration can be completed by one of two ways as determined in 
(Pilgrim 1987) 
𝑇𝑐 =  
58𝐿
𝐴0.1𝑆𝑒
0.2    Equation 2: ARR Vol 1 Book 4 eq 1.3 
 
𝑇𝑐 = 0.76𝐴
0.38  Equation 3: ARR Vol 1 Book 4 eq 1.4 
 
Where  
Tc = Time of Concentration (min) 
A = Catchment Area (km2) 
L = Mainstream length measured to the catchment divide (km) 
Se = Equal area slope of the mainstream projected to the catchment divide (m/km) 
 
Equation 2, the Bransby Williams formula, is suited to small to medium catchments 
where overland flow dominates. It returns a very short critical rainfall duration, usually 
outside of the AR&R 87 IFD data range. Both Equation 1 and Equation 2 are both regression 
equations, developed on a set of parameters far different to the parameters of a rail corridor.  
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2.4.4. Drainage Design Inconsistencies 
Industry standard practice for designing rail drainage does not totally align with the 
methods defined in the standards and manuals. There are multiple reasons for the lack of 
alignment between practice and procedure.  
 
Design consultancies tend to use computer programs to aid and speed up the design 
process. In Australia, commonly used drainage analysis software includes DRAINS and 12D 
for designing and analyzing drainage systems.  
 
As far as DRAINS is concerned, (O’Loughlin, et al., 2018) the use of the Rational 
Method is discouraged in Australian Rainfall and Runoff 2016.  ARR Project 13, which was 
commissioned to aid the development of ARR 2016, was critical of the Rational Method, as it 
only generates peak flow rates and creates problems in synchronization when combining 
flows for a number of sub-catchments. It is also not possible to perform detention basin 
calculations, as full hydrographs specifying volumes of runoff are required.  
 
To address this disadvantage, DRAINS has included an extended Rational Method 
model which generates hydrographs consistent with the Australian Rainfall and Runoff 1987 
flow peaks. Both DRAINS and 12D programs reduce the time-consuming review of maps 
and appropriate values, however the use of the Rational Method within the software may 
provide inconsistencies.  
 
The probabilistic Rational Method, used to determine peak flow rate, is not a single 
method, but a ‘family’ of methods based on the Rational Method equation with different 
approaches in the calculation of Time of Concentration (Tc) and the run-off coefficient (Cy) 
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and is susceptible to interpretations (Andersen, 2017). If Equation 2 is used for smaller 
catchments, specifically such as in the case of rail corridors, the equation results in a short 
critical rainfall duration outside the outside the AR&R 87 IFD data range. When modelling 
catchments with DRAINS or 12D, the standard minimum Time of Concentration (Tc) is 5 
minutes which has the highest average intensity as demonstrated in Appendix F. Rainfall 
intensities.  
 
Another common inconsistency occurs in the way the runoff is modelled as depicted 
in Figure 2-9 . Often the software limits the way the designer can analyze the system, as it is 
difficult and unpredictable to model drainage into slotted pipes. It assumes the ballasted 
surface to be impermeable and that excessive inflow into the pits is via overland flow, which 
in exceptional circumstances, could potentially account for track ballast fouling or ballast 
saturation. There is no account for water storage within the ballast. 
  
Figure 2-9 Flow model for design vs actual flow behavior (Andersen, 2017) 
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There are also inconsistencies in the design methodologies due to the way the runoff 
is modelled, whereby it is assumed that the ballast is impermeable and overland flow is 
directed towards drainage pits, when in fact what tends to happen is rainfall permeates into 
the ballast and the ballast detains water.   
 
Lastly, a further consideration for inconsistencies in the design process relates to 
preparing for the introduction of the latest revision of the Australian Rainfall and Runoff 
(Ball, et al., 2016). Australian Rainfall and Runoff is the hydrological manual used in 
Australia, originally produced by the Institution of Engineers, Australia. There have been four 
editions, with the latest having been released in 2016. However, the 2016 version is presently 
incomplete containing some methods that are not completely specified or supported. 
 
Geoscience Australia has made the document accessible online, which allows for 
updates being readily available to the end user.  AR&R16 incorporates new Intensity-
Frequency-Duration (IFD) data based on 30 years of additional observations from over 
10,000 rainfall gauging stations and improved statistical analysis techniques (Insurance and 
Risk Professional, 2019). The comparisons between AR&R 87 and AR&R16 is illustrated in 
Figure 2-10 and can be reviewed under Appendix F Rainfall intensities.  
 
Figure 2-10-Comparison between ARR 1987 vs ARR 2016 IFD data  
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As (Andersen, 2017) has noted, there are significant differences if AR&R87 is 
compared with AR&R16. Firstly, the Average Recurrence Interval (ARI) is substituted with 
the Annual Exceedance Probability. The probability of an event of a given magnitude being 
equalled or exceeded in a given period of time is unchanged throughout the life of the 
structure (Pilgrim 1987). 
 
The second major difference is that the intensity values in AR&R16 are generally less 
than those in AR&R87. While adopting intensity values in accordance with AR&R87 
methodology may be considered inappropriate, it continues to be suggested for use by rail 
authorities in line with the Rational Method for railway sub catchments. 
 
Another issue is the effect that new methods will have on selecting the best 
preliminary design. At early stages of design, when engineers need to test run multiple flood 
models to determine the best calibration for the relative environment, it takes the existing 
software a significant amount of time to process. Where information is needed by 
professionals quickly, it is foreseen that the pre-existing methods of design for large 
catchments will be undertaken first for concept and tender design, and then checked with 
AR&R16 methods during the detailed design and at the end of projects (Andersen, 2017). 
 
2.5. Rainfall in NSW 
The design of the drainage systems within the track environment depends on how the 
rainfall affects the track. The climate of NSW varies among different regions and from year 
to year. The northern eastern part of NSW is dominated by summer rainfall, with relatively 
dry winters. The southern part of the state is predominantly agricultural and depends on 
regular rainfall from cold fronts traversing Australia’s south-east in winter, receives less rain 
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in summer. In the rest of the State, rainfall occurs more evenly throughout the year. Due to 
the unpredictability of rain, the wettest and driest months would change in a yearly basis. 
Within the city and surrounds, rainfall varies, from around 700 mm to 1,400 mm. Rain hours 
are longer in the winter than in the summer. (NSW Department of Planning, Industry and 
Environment, 2019) 
 
The highest rainfall areas within the state include the northern NSW areas, with the 
likes of Mullumbimby, Nimbin and Dunoon, followed by the southern mountainous regions 
of Perisher and Jindabyne (Bonzle Digital Atlas of Australia, 2019)  The Bureau of 
Meteorology (BOM) provides a valuable source of information for rainfall variability and 
IFD charts used in the design calculations.  
 
Figure 2-11-Average Annual rainfall for NSW (B.O.M. 2018) 
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2.6. Rainfall Simulators 
The use of rainfall simulators is a common requirement in research relying on rainfall 
events. There have been many studies on simulating rainfall in the agricultural environment. 
(Amerman, 1979); (Blanquies, et al., 2003); (Christiansen, 1942); (Maroufpoor, et al., 2010);; 
(Renard, 1979); (Tossell, et al., 1987) however, there has been less research into track 
environments. Simulators make it possible to produce predetermined storms at any desired 
time and location. They make the replication of research easier and facilitate the study of 
storm sequences (Bubenzer & Jones Jr., 1970). 
 
The purpose of rainfall simulators is to simulate natural rainfall accurately and 
precisely (Blanquies, et al., 2003) while eliminating major constraints such as relying on 
nature to provide desired weather conditions and allowing a transferability of research while 
providing a maximum control over when and where data can be collected and amounts of 
rainfall applied (Herngren, 2005).  
 
Some of the limitations as noted by (Hudson, 1993) and others include the size and 
scale of simulator whereby small areas would be relatively cheap to undertake, however 
larger areas would be cumbersome and expensive to set up. Also, simulators may likely be 
affected by elements such as wind, but having to erect windshields undermines the advantage 
of simplicity. Reiterating (Blanquies, et al., 2003), rainfall is complex, with interactions 
among properties (drop size, drop velocity, etc.) and large climatic variation based on 
topography and marine influences, which is why careful consideration to requirements should 
be reviewed. 
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2.6.1. Rainfall Simulator Requirements 
When considering the use of a rainfall simulator, one should start by defining exactly 
what information is needed. As pointed out by (Hudson, 1993), simulators can be a useful 
tool for some purposes but quite unsuitable for others, and the objectives will affect most 
factors when choosing the most appropriate type of simulator. Therefore, there is no universal 
rainfall simulator that would do all jobs, but rather rainfall simulators are designed based on 
custom requirements and needs.  
 
(Herngren, 2005) points out Moore et al (1983) observation that the general criteria 
for rainfall simulation independent of the focus of the study should be rainfall characteristics, 
plot size and portability considering construction/operational costs. Expanding on the 
aforementioned factors outlined above, (Herngren, 2005) (Tossell, et al., 1987) (Shelton, et 
al., 1985) (Renard, 1985) have added further factors that may be considered:  
 Rainfall characteristics  
 Accurate intensity of proposed sites 
 Sufficient duration  
 Drop size, velocity, distribution and kinetic energy 
 Plot Area 
 uniform rainfall cover  
 wind and temperature resistance 
 Coverage area 
 Rain drop angle to the vertical 
 Portability, construction/operation costs 
 Portability, operation and ease of assembly 
 Cost of operation (including man-hours) and construction  
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 Reliable and efficient 
 
2.6.2. Rainfall Simulator Types 
Rainfall simulators can be separated into two major groups. (Esteves, et al., 2000) and 
(Blanquies, et al., 2003) noted that simulators are usually classified according to the way in 
which the drops of rain are produced.  
 
i. Drop formers or Droppers  
Generally, drop former simulators or droppers use the principle of drops forming and 
dropping from the tip of tubes connected to a water supply, whereby the size of drops is 
related to the type of tube (Hudson, 1993). An array of tubes of different sizes and materials 
may be used to produce rain of different size drops as shown in Figure 2-12.  
 
Figure 2-12 Drip forming laboratory simulator (Hudson, 1993) 
 
Drop former simulators produce a relatively uniform, narrow, drop-size distribution. 
These simulators are therefore suitable for studies of rain splash or particle detachment, 
where known homogeneous drop-size characteristics are desired (Tossell, et al., 1987) and 
are generally used in labs where the influence of external factors such as wind, temperature or 
humidity are omitted. 
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The design and array of tubes are advantageous in that the size and fall of water drops 
from the module is constant and the distribution of rainfall is uniform. The required water 
pressure for the dropper needles does not generally need to be high, however (Bubenzer & 
Jones Jr., 1970) described airlocks forming and requiring sufficient head to overcome initial 
surface tension. For the drip formers models to work effectively, the dropper modules needed 
to be elevated sufficiently that terminal velocity could be achieved. For example, a large drop 
of 5 mm diameter needed a height of fall of about 12 metres to reach terminal velocity and 
this was difficult to achieve in field conditions (Hudson, 1993). Working at heights with 
dropper modules can be potentially unsafe, complicated, immobile and costly.  
 
Figure 2-13 Drop tower design by (Bubenzer & Jones Jr., 1970) with associated work area 
ii. Pressure Nozzle Simulators  
Pressure nozzles, as the name suggests, rely on water pressure exerted through a 
shaped orifice to achieve characteristics including rain drop size, consistency of distribution, 
velocity and kinetic energy. They are designed to control the rate of flow, speed, direction, 
mass, shape, and pressure of the stream that emerges from them. Nozzle intensities vary with 
orifice diameter, the hydraulic pressure on the nozzle, the spacing of the nozzle and nozzle 
movement (Blanquies, et al., 2003).  
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Pressurized nozzle simulators are suited for a variety of uses. As (Blanquies, et al., 
2003) points out, they can be adapted to field use easily and their intensities can be varied 
more than the drop forming type.  
 
2.6.3. Rainfall Simulator Drop size distribution and impact velocity 
While few would question the importance of simulated rainfall in understanding the 
erosion process, it is difficult to accurately simulate drop size distribution and consider the 
velocity of natural rainfall. While there are suggested parameters, there is no accurate 
modelling criteria (Bubenzer & Jones Jr., 1970). As such, the degree of simulation for any 
simulator varies according to the criteria used (Bubenzer & Meyer, 1965) 
 
The interactive effects of the various physical factors that shape the drop size 
distribution are not fully understood because of their random and complex nature. However, 
the drop size distribution characteristics, being the outcome of this interaction, reflect the 
mechanism involved in its generation and, as such, are used as the ultimate tests of empirical 
and theoretical models. 
 
According to (Blanquies, et al., 2003) , drop size distribution depends on many storm 
characteristics, especially rainfall intensity. Drop size distribution varies with intensity (from 
less than 1 mm to about 7 mm), increasing with the intensity to 2.25 mm median drop size for 
high intensity storms (Laws and Parsons, 1943). Most design standards have been based on 
Laws and Parson’s (1943) studies (Blanquies, et al., 2003).  
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Drop velocity is also important in designing a rainfall simulator. Drops from natural 
rainfall are at terminal velocity when they hit the soil surface (Meyer and McCune, 1958). 
Therefore, a rainfall simulator must create drops of adequate size and velocity to simulate the 
same condition, indicating the importance between an adequate and related fall distance and 
drop size distribution. A direct relationship exists between drop diameter and fall distance 
(Laws, 1941) (Blanquies, et al., 2003). 
 
Several investigators have attempted to relate the physical characteristics of rainfall to 
soil splash. Laws (1940) observed a 1,200 percent increase in the erosion rate when he 
increased the drop size from 1 to 5 mm. He attributed this erosion-rate increase to the greater 
kinetic energy of the larger drops. Later, Ellison (1944) varied the size of the water drops and 
their velocities at various intensities and found that the resulting splash was proportional to 
the velocity to the 4.33 power, the drop diameter to the 1.07 power, and the intensity to the 
0.65 power. Mihara (1951) reported soil splash as directly proportional to kinetic energy 
(Blanquies, et al., 2003). 
 
According to (Bubenzer & Jones Jr., 1970), the mean splash rate of soils exposed to 
rainfall of a nearly constant kinetic energy level and impact velocity was influenced by drop 
size at the lower energy levels. The smaller drops produced significantly less splash than the 
larger ones, even though the kinetic energy, total rainfall mass, and impact velocity were 
almost constant. As the energy level increased, the influence of drop size decreased. 
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2.6.4. Rainfall Simulator Uniformity and Calibration 
The most widely used measure of uniformity is the coefficient of uniformity (𝐶𝑢) 
defined by (Christiansen, 1942). The uniformity depends primarily upon the ability of the 
system to apply equal amounts to all parts of the area. The 𝐶𝑢 (in per cent) is calculated from 
the formula: 
 
𝐶𝑢 = 100 (1 −
∑ 𝑥
𝑚.𝑛
)  Equation 4 
 
Where  
𝐶𝑢 = uniformity coefficient 
𝑚 = mean value 
𝑛 = numer of observations 
𝑥 = deviation of individual observations from the mean 
 
A higher the percentage 𝐶𝑢 value indicates a more uniform distribution, where a 
percentage over 80% may be considered successful in rainfall simulation  (Herngren, 2005). 
For larger plot areas, values of 70 per cent have been accepted in some studies (Esteves, et 
al., 2000). The uniformity coefficient does not give an indication of pattern, therefore it is 
possible for two different rainfall patterns to result in the same 𝐶𝑢 value. Numerous other 
factors, such as wind, pressure, and uniformity of rotation of the sprinkler, affect distribution 
which can impact on the distribution.  
 
Data used to calculate uniformity is gathered by catching water in containers placed at 
various intervals from the source and measured to determine depth. This method can be used 
to calibrate the rainfall simulator, indicating areas in the plot area that may need adjusting.  
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2.6.5. Rainfall Simulator Intensity 
Drip forming rainfall simulators generally have difficulty adjusting rainfall intensities 
and are purpose built for conditions.  One method for controlling rainfall intensities has been 
to introduce air nozzles which inject pressurized air into the water.  
 
Nozzle rainfall simulators intensities are more adjustable than the drip forming 
counterparts. As continuous spray from a nozzle creates unnaturally intense rainfall, a method 
of adjusting the spray is needed. Solutions have included rotating discs, rotating boom 
designs, solenoid-controlled simulators and elaborate sprinkler systems and rotating or 
oscillating booms (Blanquies, et al., 2003). Oscillation rainfall simulators can alter the 
intensities by eliminating water by spraying into troughs, as rainfall naturally falls in sheets 
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3. Methodology 
This chapter covers the design and development of a rainfall simulator, the planning and 
construction of a common rail track profile for the application of testing the rainfall simulator 
and a theoretical drainage design using the ASA standards (Transport Asset Standards 
Authority, 2015a) for a track drainage design for comparison. This chapter also describes the 
rationale for the experiments.  
 
3.1. Methodology: Simulating rainfall 
The purpose of simulating rainfall is to attempt to achieve the most realistic outcome 
in terms of rainfall infiltration of the ballast whilst still being able to replicate the results. 
Chapter 2.5 outlined difficulties encountered with the use of natural rainfall in replication of 
experimentation and the need for a rainfall simulator. Simulating rainfall requires 
consideration of the design, construction and operation to achieve desired results. This 
chapter identifies the characteristics needed for successful simulation of rainfall on track 
ballast. It also describes the design criteria used for development of a rainfall simulator 
suitable for the research project and how it was applied in track drainage research. The first 
step in dealing with rainfall simulation is to determine the requirements of the experiment. 
 
3.1.1. Rainfall Simulator Requirements  
The rainfall simulator was required to cover the cross section detailed in Figure 3-11 
Standard Track drainage - Drawing CV0205421 referenced from  between the centerline of 
two tracks,  at least one metre in length covering an area of at least 4m2. Other requirements 
for the rainfall simulator were that it had to be: 
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 Cost effective. 
 Of sufficient size that it could be stored, as space available to do the investigations 
was limited. 
 Light weight and portable, so that 2 persons would be able to assemble and move it 
over the ballasted trench. 
  Able to replicate rainfall as far as practicable in terms of 
o Rain Drop size; and 
o Energy for realistic infiltration. 
 Durable, as the rainfall simulator would have to remain exposed to outdoor elements 
for the duration of the project. This included avoiding the simulator rusting, 
invertebrates nesting, and moisture seeping into electrical sockets. 
 Able to adjust rainfall intensities for different scenarios. 
 Capable of adjusting rainfall intensities which would exceed any part of New South 
Wales. 
 Function without a permanent power or water supply, due to site conditions. 
 Operate for a minimum 30 minutes.  
 
Due to rainfall simulator requirements, a pressurized nozzle type simulator with an 
oscillating boom was chosen. As continuous spray from a nozzle creates an unnaturally 
intense storm (Blanquies, et al., 2003), an oscillating system was chosen as an economical 
way of distributing water over an area based on site conditions. In support of the argument of 
using an oscillating boom, (Loch, et al., 2001) describes rainfall as pulses as the nozzles 
sweep across the plot, with pulsed rainfall not appearing to affect or distort the parameters 
obtained.  
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3.1.2. Structural and Mechanical design 
The simulator consisted of an aluminum A-frame structure modelled from research 
done by Herngren (Herngren, 2005) and Loch (Loch, et al., 2001). The simulator consisted of 
a nozzle boom with four supporting upright legs as depicted in Figure 3-1. The legs were 




Figure 3-1 A frame body for the simulator 
 
The unit measured 4m in length, 2.4m width and a height of 2.2m to the underside of 
the nozzle. The purpose of the set height was to closely achieve rain drop terminal velocity 
from the nozzles while under pressure. The plot of the simulator was intended to cover the 
area of 4m wide by 1.5m long with a total of 6m2 coverage. Bushes were placed on each end 
of the nozzle boom to prevent lateral movement of the boom. The boom was a 42 x 4WT pipe 
used to accommodate a 32mm diameter inlet pipe. 
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Two gutters were positioned either side of the nozzle boom. The purpose of this was 
to define the plot area, to reduce rainfall intensity by providing an area for discharge and to 
capture discharged water and recycle back to the tank.   
 
Figure 3-2 Oscillation cycle for the nozzle boom  
 
The boom rotated through an approximate angle of 79°which exceeded the angle of 
55° required for rain to pass through the gutters, which meant that excess water would be 
captured in the gutters and hence intensity adjusted. Four nozzles were spaced laterally at 1m 
centers as illustrated in Figure 3-3. The height above ground and spacing between nozzles 
was used from work undertaken by (Loch, et al., 2001) and (Herngren, 2005). 
 
Time of Concentration Investigation Within a Track Environment for Efficient Storm Water Drainage   
Bernard Lariviere – University of Southern Queensland      Page | 41 
Faculty of Engineering and Surveying         
 
Figure 3-3 Plan and section of nozzle boom taken from shop drawings.  
No 1 is the Veejet 80100 Nozzle, No 2 Pipe cap and bush, No 3 42 x 4WT pipe 
 
Spacing between nozzles is important for overlap when using a fan type spray. 
Accurate testing of nozzles should be done to ensure adequate spray coverage and uniformity 
in the plot. With the face of the nozzle being close to 2.2 m above the ground, the impact 
velocities of almost all drops are nearly equal to the impact velocities of those from natural 
rainstorms. The weight and shape of the simulator, even though it was constructed of 
aluminum, was challenging for two persons to carry. The simulator could be dismantled into 
parts which assisted with required relocations to the test site. The simulator was fabricated by 
Northside Fabrications. Refer to Appendix G Rainfall Simulator shop drawings. 
 
3.1.3. Hydraulic System 
The hydraulic system comprised of a Yanmar fresh water air cooled diesel pump 
supplied by a 1500 litre storage tank as illustrated in Figure 3-4.  
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Figure 3-4 Yanmar air cooled diesel pump attached to 1000 litre water supply 
 
A 40mm diameter pipe was coupled to the pump outlet and then joined to a STAD 
balancing value (for data sheet see Appendix J). The pressure was regulated by the throttle 
and balancing valve (as shown in Figure 3-5) and was in turn connected to a rubber 32 mm 
inlet pipe, with sufficient flexibility to absorb rotation from the boom.  A 0-600kPa pressure 
gauge was installed after the balancing valve as illustrated in Figure 3-6. The excess water 
captured from the gutters was piped back to the tank under gravity. 
  
Figure 3-5 STAD balancing valve and Figure 3-6 Pressure Gauge 0-600 kPa installed before nozzles 
on the rainfall simulator 
 
Time of Concentration Investigation Within a Track Environment for Efficient Storm Water Drainage   
Bernard Lariviere – University of Southern Queensland      Page | 43 
Faculty of Engineering and Surveying         
3.1.4. Nozzles 
The simulator relied on nozzles spraying downwards, to minimize wind interference 
by blowing ‘rainfall’ off the plot area. The nozzles used in the simulator were the Veejet 
80100 fan series. It was chosen because it most closely resembles the drop size distribution of 
storm patterns, drop velocity and is well documented in many studies that have utilized the 
nozzle for similar functions. (Loch, et al., 2001); (Blanquies, et al., 2003), (Herngren, 2005). 
The nozzle as documented functions optimally at 41 kPa. 
 
Figure 3-7 Detail of the installed Veejet 80100 nozzle 
Due to the Veejet 80100 nozzle being a high-discharge nozzle, it was found in other 
studies to produce an intensity of about 580mm/hr when spraying continuously over a plot. 
As Blanquies (Blanquies, et al., 2003) points out, the pressure range of the nozzle is quite 
large, ranging from 34 to 3400 kPa yielding flow rates of 13.2 to 132 Liters per minute. Most 
nozzles tend to produce irregular spray when used at its capacity limits due to machining 
differences. Thus, any differences between nozzles are amplified by the small amounts of 
pressure used leading to reduced uniformity. As pressure is inversely related to drop size, an 
increase in pressure will reduce the drop size. 
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Due to financial and time constraints, only the required minimum number of nozzles 
was acquired. It is noted that, in other studies, such as (Herngren, 2005), multiple nozzles 
were tested for consistency and reliability and then selected based on statistical performance. 
Further detail around rain drop size and energy had to be assumed from studies previously 
mentioned utilizing the Veejet nozzle. 
 
It is noted the ASA has a standard for testing locomotive adhesion (Transport Asset 
Standards Authority, 2011). While the standard describes methods used to simulate 
continuous rainfall on rolling stock, the rainfall simulation is not applicable for testing on 
track ballast due to the limited area, drop size and velocity.  
 
3.1.5. Electrical Design 
As obtaining power for the trench site would be problematic, it was considered that 
power for the oscillating boom be based using a portable battery. For the simulator to 
oscillate, a 1996 Ford Mondeo 12-volt DC windshield wiper motor was used attached to a 
simplified rotation mechanism as depicted in Figure 3-8. It was planned that the rainfall 
simulator would have adjustable intensities. This would be achieved by draining excess water 
into the gutters and having the nozzles pause for a set period over the gutter. A micro-
controller board would be utilized to manage the pause period. An accelerometer sensor and a 
relay switch would provide inputs for the micro-controller. Due to time limitations, this was 
not fully developed and considered beyond the scope of this paper. 
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Figure 3-8 Armature system for oscillating the nozzle boom 
 
3.1.6. Rainfall Simulator Calibration 
To test the hydraulic system, a quick method was devised to check the output nozzles 
for even flow rates. Buckets with 10 litre capacities were hung under each nozzle and the 
time taken to fill them was recorded. The bucket test provided a quick method to establish a 
general uniformity of water distribution between nozzles, a check of the hydraulic system and 
a method to ensure the simulator boom was level. The bucket test was typically undertaken 
when it had not been used for a period of time and when otherwise dismantling and 
reconstructing when relocating to new sites.  
 
Testing the rainfall simulator for spread and conformity across the plot area was 
undertaken using Christiansen’s (Christiansen, 1942) method of uniformity as described in 
Chapter 2.6.4. Plastic cups were used to measure the intensity recorded over the experiment 
duration. A layout plan of the cups setout is illustrated in Figure 3-9.  
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Figure 3-9 Cup placement for Rainfall Simulator calibration. Plot area shown within red box 
The cup diameters were measured for the individual tests and propped for stability 
during the duration of the test. The cups were weighed before and after each test with 
electronic scales. The values were converted to milliliters. Water splash was considered but 
deemed insignificant due to soil absorbing most of the water droplet energy. Water pressure 
for the nozzles and spray pattern were considerations to achieve desired rainfall intensity and 
a spatially uniform rainfall rate. Water drop size and energy was not tested, and it was 
assumed to be insignificant in the context of the experiment. Ballasts by its nature is hard-
wearing and is the preferred choice for subjecting to repetitive rainfall cycles and scouring 
measures.  
 
Figure 3-10 Calibration of the simulator in the field 
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3.2. Methodology: Trench Plan and Time of Concentration Experiment Setup 
To meet the aims of the project, it was required to undertake the physical rainfall 
simulation. As there is a comparison of the track drainage standard (T-HR-CI-12130-ST) 
(Transport Asset Standards Authority, 2015a) with the physical rainfall simulation, all tests 
were based on the Asset Standards Authority (ASA) construction standards and guidelines 
from Transport of New South Wales requirements for rail. Within the ASA standards for track 
drainage (Transport Asset Standards Authority, 2015a) reference is made to drawing 
CV0205421 Track Drainage - Typical Sections and Notes, (Appendix K) which determines 
typical detail for subsoil drainage. Figure 3-11 illustrates a typical cross section of centre 
drain. This forms the basis of the trench construction.  
 
Figure 3-11 Standard Track drainage - Drawing CV0205421 referenced from (Transport Asset 
Standards Authority, 2015a) 
 
Reviewing the typical cross section of a centre drain in Figure 3-11, the distance 
between track centres is required. This can be from the rail standard ESC 215 (Transport 
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Asset Standards Authority, 2013a) . The width between track centers vary depending on the 
kinematic envelopes of various train types. A width of 4m from centre to centre is acceptable 
where 1525mm from track centre plus a 500mm safety envelope is generally standard.  
 
.   
Figure 3-12 Medium electric rolling stock outline dimensions (Transport Asset Standards Authority, 
2013a) 
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For the purposes of designing for rainfall flows, a catchment area has been chosen to 
allow for a conservative Time of Concentration approach and ease of calculation. A 50m 
track length is typical with the cross-sectional area shown in Figure 3-11 making up the 
catchment area. A minimal longitudinal pipe grade of 1 in 100 or 1% will be used as outlined 
in Chapter 7.1 Pipes in the standard. The minimal pipe diameter of 225mm (Transport Asset 
Standards Authority, 2015a) was used. Refer to Appendix J for data sheets. 
 
As the purpose of the experiment was to compare NSW rail authority’s guidelines 
with a physical model, a trench was the best method to contain the ballast and 20mm gravel. 
The trench was modelled as illustrated in Figure 3-13. It was noted that trench excavations 
may be hazardous and, as such, a review was undertaken of the safety requirements as 
outlined by Safe Work Australia (Safe Work Australia, 2018) prior to the trench being dug.   
 
 
Figure 3-13: A 3d model representation of the proposed trench 
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The capping layer was assumed to be saturated. This was simulated by placing a 
plastic membrane at the base of the trench to simulate an impermeable or saturated capping 
layer and layers of geofabric to prevent the plastic from tearing and removing fines. Ballast 
and 20mm gravel was used as illustrated in Drawing CV0205421. Material test reports are 
noted in Appendix M. 
 
To record the water depths within the ballast, water level data loggers were proposed 
to record absolute pressure. Three water level data loggers were acquired to measure water 
depth in 10 second intervals. The first logger was placed in a perforated PVC pipe within the 
ballast, the second logger was used to record water depth in the catchment bucket from the 
pipe outlet and the third was used to measure absolute air pressure. 
 
Figure 3-14 Water Level Data logger 
 
The test site was located in Somersby, Gosford, approximately 70km north from 
Sydney within the Robson Construction maintenance yard. The trench construction was 
undertaken using an excavator. All materials specified were from rail track standards. 
Material test reports are under Appendix M  
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Figure 3-15 Trench excavation for bucket 
 
Figure 3-16 Excavation of the trench showing 
water level data logger pipe.  
 
Figure 3-17 Trench being filled with ballast 
 
Figure 3-18 Trench excavation for ballast 
 
Figure 3-19 Plastic liner for the trench prior 
to ballast being installed 
 
Figure 3-20 Bucket and pipe finally installed 
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A bucket test was undertaken after the simulator was installed over the ballast. Three 
experiments were undertaken to investigate Time of Concentration properties within the track 
environment as summarized in Table 3-1. 






Experiment 1 Dry 5 260 
Experiment 2 Saturated 5 260 
Experiment 3 Saturated 12 260 
 
A proposed intensity of 260mm/hour was to be imposed on the test area to match 
intensities found near Wollongong. Actual results can be found in Chapter 4.1.2 Wollongong 
rainfall pattern was chosen to match the ASA design criteria.   
 
The purpose of each test would be to determine how much water the ballasted track would be 
able to retain, detained and determine the period before the water would drain into the outlet 
pipe.  
 
Figure 3-21 Test area finally setup   
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3.3. Methodology: Industry Design Guidelines  
To compare results from the rainfall simulation event and form a conclusion, a design 
based on industry standards was completed. The standards follow the Asset Standards 
Authority (ASA) guidelines, T HR CI 12130 ST Track Drainage Standard (Transport Asset 
Standards Authority, 2015a) and T HR CI 12130 MA Track Drainage Manual (Transport 
Assets Standards Authority, 2015b). As Appendix D appears in the design manual T HR CI 
12130 MA, it was followed as it is the standard ASA methodology for drainage design.  
 
In reviewing rainfall areas, the highest rainfall in NSW can be taken from Figure 
2-11. Wollongong, Mt Perisher and Coffs Harbor have the highest intensities; however, Mt 
Perisher and Coffs Harbor are rural NSW towns which are unlikely to have further rail 
infrastructure development requiring subsoil drainage systems. Other sites that are of interest, 
due to the current infrastructure arrangement, would be Central Station in Sydney and 
Broadmeadow Station in Newcastle. A list of Intensity Frequency Duration (IFD) charts are 
summated in Appendix F - Rainfall intensities. 
 
As mentioned in Chapter 3.2, the width would be assumed to be the cross sectional 
area as depicted in Figure 3-10 (Transport Asset Standards Authority, 2015a) and a typical 
50m from the drainage outlet pit. The pipe was assumed to be at a grade of 1:100 or 1% fall 
to simulate the minimum grade as set in the drainage design requirements. The design was 
done to a 1:50 year return period as set out in the Standards.  
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4. Results 
4.1. Results: Rainfall simulator calibration 
Performance tests on the rainfall simulator were undertaken to ensure the rainfall 
simulator delivered a predictable volume output consistent to natural rainfall over the plot 
area. The calibration for the rainfall simulator took place over a few site visits. Two bucket 
tests and six uniformity tests were done. Detailed calculations may be found in Appendix H. 
 
4.1.1. Bucket test 
The bucket tests were performed at the commencement of the calibration, to gauge the 
water volume output of the simulator. On the first test, each bucket filled evenly and took 
approximately 77 seconds to fill 10 litres. Theoretically, the rainfall simulator would have a 
coverage area of 4m x 1.2m which equated to 4.8m2. Based on visual inspection, the spray 
from the nozzles was uniform with similar amounts of water covered. It was estimated that 
the average intensity from the rainfall simulator would be in the range of 467mm/h. A 
pressure gauge had not been installed at this time. 
 
Figure 4-1-Bucket Test to calibrate the rainfall simulator. 
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The second bucket test was undertaken after the rainfall simulator was reconstructed 
at the new construction site. The first attempt at the test revealed dirt in one of the nozzles. 
This was removed and the test commenced. Results yielded a higher volume of water. The 
test took 42.5 seconds to fill the 10 liters at 40 kPa. This result was within limits documented 
in Blanquies (Blanquies, et al., 2003). 
 
4.1.2. Calibration Tests  
Five calibration tests on the rainfall simulator were undertaken at various times. The 
first test was set up as Figure 3-9 illustrates, with 5 rows of 12 cups each. The test was 
conducted over a period of 5 minutes. The mean rainfall intensity for the test was recorded as 
237mm/hour with a coefficient of uniformity (CU) of 85.9% which exceeded the 75-80% as 
suggested by Christiansen (Christiansen, 1942). The middle three rows of cups (B, C and D) 
had a closer uniformity with an average of 235mm/hour and a CU value of 88.4%. The 
pressure for the hydraulic system was recorded as approximately 35-36 kPa. The second 
calibration test was conducted a few weeks later with three rows (B, C and D in Figure 3-9) 
The hydraulic pressure recorded was slightly higher at 38kPa, yielding an average intensity of 
256.2mm/hour and with a coefficient of uniformity (CU) of 83.7%.  
 
The three remaining tests were done on the day of recording data for the track ballast 
experiment to ensure consistency. Three cups were placed in the centre of the track ballast 
and measured the amount of water for each experiment. The first test yielded a 279.6 
mm/hour intensity under a pressure of 40kPa. The coefficient of uniformity (CU) of 94.5% 
was recorded. The placement of the cups were linear, confirming water flowing through each 
of the nozzles represented an even spread. Results are summarized in Table 4-1. 
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uniformity (CU) % 
Hydraulic pressure 
(kPa) 
Calibration Test 1 237.3 85.9 36 
Calibration Test 2 256.2 83.7 38 
Calibration Test 3 279.6 98* 40 
Calibration Test 4 287.9 94* 40 
Calibration Test 5 233.0 95* 40** 
*Based on 3 cup readings.  
**Pump water source ran low towards end of experiment.  
 
Figure 4-2 represents a general rainfall contour plan illustrating uniformity over the 
plot area.  
 
Figure 4-2 Rainfall simulator contour plan (data extracted from calibration test 1) 
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4.2. Results: Time of Concentration Experiment 
The trench was set up as described in the methodology and took place over one day. 
The catchment bucket dimensions were recorded as 1.1m x 0.95m by 1m deep. Data retrieved 
from the data loggers for the experiment can be reviewed under Appendix L. Three 
experiments on the track ballast were undertaken and set up as follows: 
 
Experiment 1 
The rainfall simulator was used on dry ballast. The duration of the rainfall was measured over 
a 5-minute period with an average intensity of 279.6mm/hour. The water depth logger in the 
track ballast was primed to approximately 118mm prior to testing.  
 
Figure 4-3 Experiment 1 - Water depth recorded over time in the ballast and 20mm Gravel  
The rainfall simulator was turned on at 12:52pm and stopped at 12:57pm on the 15/10/2019. 
Flow from the pipe was recorded between 12:57pm and 1:06pm. A graph of the water level 
over time within the ballast and catchment bucket was drawn based on the water logger data 
recorded as illustrated in Figure 4-3 and Figure 4-4. 
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Figure 4-4 Experiment 1 - Water depth recorded over time in the catchment bucket 




For Experiment 2, the rainfall simulator was used on saturated ballast. The test area had the 
remainder of the water that had not drained from the ballast after Experiment 1. Again, the 
duration of the rainfall was undertaken over a 5-minute period with an average intensity of 
287.9mm/hour. The rainfall simulator was turned on at 1:57pm and stopped at 2:02pm. Flow 
from the pipe was recorded between 2:01pm and 2:29pm. A graph of the water level over 
time within the ballast and catchment bucket was drawn based on the water logger data 
recorded as illustrated in Figure 4-5 and Figure 4-6. 
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Figure 4-5 Experiment 2 - Water depth recorded over time in the ballast and 20mm Gravel 
 
 
Figure 4-6 Experiment 2 - Water depth recorded over time in the catchment bucket 
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Experiment 3 
For Experiment 3, the rainfall simulator was used on saturated ballast from previous 
experiment. The duration of the rainfall was undertaken over a 12-minute period with an 
average intensity of 232.9mm/hour. The limit of the catchment bucket had been reached by 
the end of the experiment. The data loggers were retrieved at 3:30pm. 
 
Figure 4-7 - Experiment 3 Water depth recorded over time in the ballast and 20mm Gravel 
 
The rainfall simulator was turned on at 2:40pm and stopped at 2:52pm. Flow from the 
pipe was recorded between 2:43pm and 3:20pm. A graph of the water level over time within 
the ballast and catchment bucket was drawn based on the water logger data recorded as 
illustrated in Figure 4-7 and Figure 4-8. 
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Figure 4-8 - Water depth recorded over time in the catchment bucket 
 
A summary of start and finish times is shown in Table 4-2 















Ballast logger Primed 11:35:00 AM     
Bucket test water spillage 11:42:00 AM     
Experiment 1 12:52:00 PM 12:57:00 PM 12:57:00 PM 1:06:00 PM 5 mins 
Experiment 2 1:57:00 PM 2:02:00 PM 2:01:00 PM 2:29:00 PM 4 mins 
Experiment 3 2:40:00 PM 2:52:00 PM 2:43:00 PM 3:20:00 PM 3 mins 
Retrieval of data logger 15:30:00 PM     
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Table 4-3 Volumes of water comparison per experiment 
 












Experiment 1 (5min duration) 0.046 0.063 0.017 0.0177 
Experiment 2 (5min duration) 0.063 0.196 0.133 0.1389 
Experiment 3 (12 min duration) 0.196 0.582 0.386 0.4033 
 
It was noted that water exiting the pipe during Experiment 1 was relatively clear. As 
the experiments went on, the turbidity of the water exiting the pipe increased suggesting 
sediment was entering the ballast from the surface.     
 
 
Figure 4-9 Water flow from the track ballast after Experiment 3 
  
Time of Concentration Investigation Within a Track Environment for Efficient Storm Water Drainage   
Bernard Lariviere – University of Southern Queensland      Page | 65 
Faculty of Engineering and Surveying         
4.3. Results: Industry Guidelines Design 
Drainage designs were undertaken for Wollongong Station, Central Station Sydney 
and Broadmeadow Station in Newcastle. The design was done closely in accordance with the 
ASA manual for track drainage (Transport Assets Standards Authority, 2015b) using 
Appendix D Calculation of capacity required form in the manual (Appendix I in this 
document) as the reference document. This document references Australian Rainfall and 
Runoff (ARR) 1987 Volumes 1 and 2. All design values that were used in the calculations are 
contained in Appendix I of this document. A summary of design flows are show in Table 4-4. 





Central Station, Sydney 13.4 
Broadmeadow Station, Newcastle 5.8 
 
 
The designs were checked against a basic catchment output for DRAINS using the 
ILSAX method as documented in the DRAINS manual (O’Loughlin, et al., 2018) and flow 
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5. Discussions and Conclusions 
5.1. Discussion: Rainfall Simulator 
5.1.1. Results Discussion 
The rainfall simulator achieved the aims and objectives of providing a reasonably 
realistic simulation of rainfall for the track ballast. The rainfall simulator results were within 
range of uniformity and are similar to what has been recorded previously in studies done by 
(Herngren, 2005) and (Loch, et al., 2001) The outputs can be replicated with a reasonable 
amount of variance. 
 
5.1.2. Rainfall Simulator Limitations 
While the simulator achieved most of the important aspects and requirements for the 
experiments, limitations to the rainfall simulator were observed. These included intermittent 
distribution pattern of rainfall simulated when compared to natural rainfall. Desired rainfall 
intensity could have been more accurate, but for the sensitivity of the apparatus and the 
intermittency of a low revving pump motor.  Drop size and energy was not recorded, but 
rather relied on research done by others such as (Loch, et al., 2001) and (Herngren, 2005). 
Also in the research of both (Loch, et al., 2001) and (Herngren, 2005), detailed testing on 
multiple nozzles was undertaken. Financial restraints meant only 4 Veejet nozzles were 
acquired and were not tested for consistency. The rainfall simulator was also limited to an 
approximate 20min run period. It is important to realize that the simulator did not produce 
rainfall characteristics perfectly and that a more detailed calibration and further research 
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5.1.3. Sensitivity and errors 
Using the rainfall simulator required trial and error, and then experience, to operate to 
achieve predictable outputs. The simulator was sensitive to pressure fluctuations as can be 
seen in the variety of intensity results in Table 4-1.The pressure fluctuations may have been 
due to pump speed and water head supplying the pump. The diesel pump motor is relatively 
low revving, and hence, power consistency from the motor may have led to a stop start effect 
in the water pressure. To attempt to fix this issue, a bolt was added as a throttle stop. Slight 
variations in water pressure meant amplified water discharge, as documented in  (Loch, et al., 
2001) and specifically with the Veejet nozzles used in the experiment.  
 
Calibration testing was not done in a lab and as such, results may have been impacted 
by temperature, natural rainfall, wind speed, relative humidity, air pressure and exposure to 
dust and debris. Wind speeds were not measured, although this was not practicable nor in 
scope for the purposes of this study. It was found that prior to testing, had the simulator been 
standing in the field for a period without use, the nozzles tended to get dirty and required 
cleaning prior to testing. Although best efforts were made at the time, the simulator was not 
placed on perfectly level ground. Notwithstanding this, the ground slope ensured an even 
water distribution between nozzles. Some splash during the simulation and dripping from the 
rainfall simulator after the experiment was problematic and may have affected cup readings. 
To mitigate the the inaccuracy of these readings, the cups affected by the dripping were 
removed from the test area. before further experiments were undertaken.  
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Figure 5-1 Rainfall simulator dripping after a calibration test 
Where it was observed that mud and debris had stuck to the cups after the experiment, 
this was cleaned off before weighing. Other factors that may have contributed to errors may 
have been the angle of the cups relative to the nozzles, particularly on the outer edges of the 
plot area. This may explain the lower Coefficient of Uniformity factor of the outer rows done 
in Calibration experiment 1 (Appendix F).  It is noted the spacing of the cups was not as 
dense as prior studies. More testing of the simulator would have been preferred, primarily due 
to the sensitivity of the system. Time constraints limited testing to relatively few 
opportunities. 
 
5.1.4. System Improvements 
To reduce the limitations of the simulator, it may be suggested that the design could 
have been improved. The simulator may have been improved by the development of a 
controller box to adjust intensities for specific purposes. The thinking was to drain water 
from the nozzles by getting the boom to pause over one of the gutters. To achieve this, it was 
proposed to use an Arduino electronic board coupled with sensors and a relay, and program 
the correct relay to achieve the desired intensity. Replacing the wiper motor driving the boom 
with a stepper motor was considered, as stepper motors provide precise control over rotation 
angles. It was not investigated further due to doubts in the motor size for the required torque, 
how it would attach to the simulator frame, and its cost. 
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Other improvements would have been to replace the pump system with a reservoir 
system, in order to achieve a consistent and smooth supply to the simulator. The system 
would have to achieve the 41kPa as documented. This may have improved the current 20 or 
so minutes time period during which the simulator operated. For the purposes and constraints 
of the project, the pump system was deemed the best available option. These suggested 
improvements may have tradeoffs such as cost, time and risk and, depending on the 
requirements, may not be worth the investment. 
 
5.2. Discussion: Time of Concentration Experiment  
The trench excavation was set up for the experiment as set out in the methodology. 
Reviewing the results on a per experiment basis demonstrated outcomes of interest. All 




Ballast Data logger: Reviewing Figure 4-3 in the results, the water level logger was 
primed approximately to the 118mm depth mark. The rainfall simulator was activated around 
the 4.2-minute mark and a 150mm jump in water depth occurred almost immediately after the 
rainfall simulator was turned on, suggesting the water had free flow path directly through the 
track ballast, as would be typical for such material. The water in the trench peaked at 250mm 
even while the simulator was running and tapered off slowly at an average grade of y = -
0.0011x + 0.2535 (taken from the pipe flow average). This grade line appears to be the rate at 
which the ballast drained into the slotted pipe for this experiment.  
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Bucket Data Logger: Reviewing the graph in Figure 4-4 in the results were scattered 
data points, and as such the likely reasoning for this would be the data logger being 
unsecured. Unfortunately, the data from this experiment would require some speculation and 
is probably not a definitively reliable source.  What can be gained from this graph, however, 
is the Time of Concentration over the 5-minute period and the volume of water captured by 
the tank. The last drops of rain fell almost simultaneously with water commencing flow out 
of the pipe and into the bucket. The volume of water captured in the bucket was 
approximately equivalent to17mm of rainfall in comparison to the average 279mm released 
from the rainfall simulator. The low volume of water entering into the bucket during this 
experiment indicates a significant amount of storage within the track ballast.  
 
Experiment 2 
Ballast Data logger: Reviewing data from the ballast for experiment 2 in Figure 4-5, 
the datum water level in the ballast at the commencement of the experiment was 217mm. The 
graph drop after the peak is similar to Experiment 1 as is the average grade of the water 
draining which was estimated as y = -0.001x + 0.2642. During this experiment, there was a 
delay of 2.8 minutes between the rainfall commencing and the depth of water in the ballast 
being affected. Similarly, once rainfall ceased, there was a lag between the peak.   
Bucket Data Logger: With reference to Figure 4-6, there was a 30 second lag between 
water entering the track ballast and the pipe flowing. Previously in Experiment 1, it took 5 
minutes for water to infiltrate the pipe. Peak flow was observed between 15.17 minutes and 
16.17 minutes from start, a full 6.3 minutes after the rainfall simulator started. Volumes of 
water recorded were 0.1389m3, almost 8 times more than Experiment 1. 
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Experiment 3 
Ballast Data logger: Experiment 3 was similar to Experiment 2 excepting for the 
duration of the rainfall. Thus, the peak of the graph was extended. The lag between the 
rainfall and graph peaks was 2 minutes. The drainage grade line was approximately y = -
0.0006x + 0.2592. 
Bucket Data Logger: Bucket data logger for experiment 3 was more consistent and 
predictable. The rate of flow from the simulator and the output in the pipe correlated. What 
was interestingly observed was the long flow times of the pipe in comparison to the rainfall 
duration. This was more than double the rainfall period.  
 
Overall, the experiments as conducted, tended to have water detention properties 
indicated by grade lines. The grade lines tended to be similar across all experiments. This 
experiment is conservative in that clean ballast was used. Over time the track ballast would 
foul and extend the infiltration time. Ballast fouling would likely retard the water flow by 
filling voids and allow for a longer Times of Concentration. The drainage grade line in each 
of the experiments were similar and certainly add credibility to the hypothesis that this may 
represent a considerable volume of water to be stored within the ballast and subsoil drainage 
layers. Another consideration is the experiment was done over a 1.2m plot area. Generally, 
drainage pipe designs run for up to 50m intervals and it would take additional time for the 
water to reach the outlet. Interpreting the graphs, there is certainly evidence for supporting 
the hypothesis of a longer Time of Concentration. 
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5.3. Discussion: Drainage Design in accordance with standards 
The hand calculations for the design are based on Appendix D from the ASA 
standards. The primary purpose was to ensure the track drainage standards were being 
followed. The secondary purpose was to have a common reference point, as there is a wide 
variety of software available and a wide variety of options and methods within the software 
to choose from. As outlined in Chapter 2.4.4. there are differing points of views around the 
best method for how to design track drainage.   
 
By following the recommended design method, the hand calculations were ultimately 
time consuming. The hand calculations were checked against two basic DRAINS methods 
(ILSAX and RATIONAL methods) to ensure the calculations were within limits and reason.   
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5.4. Conclusion 
This research paper has challenged current rail drainage standards within NSW by 
using an alternative calculation for Time of Concentration of track drainage when simulating 
rainfall on track ballast using a physical, purpose-built rainfall simulator.  
 
The paper encompassed a review of current NSW industry standards and guidelines in 
respect of track drainage; of the requirements for replicating rainfall when using rainfall 
simulators, and of the track components used to make up a typical ballasted rail track profile. 
Rainfall with known intensities was applied to a plot area representative of a typical rail track 
subsoil drainage system found in NSW as outlined in the Australian Standards Authority 
(ASA). The results of the experiments were compared to standards for drainage design as 
outlined in the ASA standards.  
 
It was hypothesized that current track drainage standards may be overly conservative 
in estimating time taken for water to enter the drainage pipe system and reach peak flow and 
following that, the Time of Concentration is much longer than that stated in the Australian 
Rainfall and Runoff (Pilgrim, 1987).  The methodology for the testing of this assumption was 
set out in Chapter 3, the results were presented in Chapter 4 and discussed in Chapter 5  
 
This study has concluded that Time of Concentration, as directed by the Rational 
Method, may have been incorrectly applied by rail industry standards, given that experiments 
undertaken on-site have demonstrated that it can take longer for storm water to efficiently 
drain through the ballast track environment.  The drainage grade line in each experiment have 
been similar and certainly have added credibility to the hypothesis that this may represent a 
considerable volume of water being stored within the ballast and subsoil drainage layers. 
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Following on from this study, it is hoped that typical drainage standards may be 
reviewed such that drainage infrastructure being used by rail operators in NSW is ultimately 
improved. Where smaller pipes are utilized in the construction of rail corridors as part of the 
track system, time, safety and cost efficiencies can be expected to be achieved.  
 
5.5. Further research 
It is recommended that further research would be undertaken to reproduce and 
confirm results, given that a single set of data was extracted from the rainfall simulator 
experiment. In due course, further research that may be undertaken can include:  
 Investigate the optimum permeability of the sub-ballast or capping layer; 
 Review ballast fouling and its relationship with track drainage 
 Conduct additional experiments to determine the optimum track drainage to 
validate findings; 
 Provide numerical analysis refinements to match physical experiments closely; 
and  
 Consider sub ballast permeability and saturation.  
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7. Appendices 
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Appendix C. Consequential Effects and Ethics 
C1. Consequential Effects  
When undertaking projects there are always indirect impacts that are overlooked or 
underestimated. Consequential effects may occur later once projects have been 
undertaken. Therefore, it is essential to acknowledge this possibility and establish the 
mechanism to evaluate the consequences. One should fully consider both direct and indirect 
consequential effects.  
The study addressed Time of Concentration by comparing typical drainage standards 
with a physical model and gave insight into how conservative track drainage standards are in 
practice.  
This research project may initiate a review of current drainage guidelines which 
address the following:  
 Construction time for installation of drainage infrastructure; 
 Overcome potential cost implications; 
 Address spatial constraints within the rail corridor; 
 Maintenance issues; and 
 Health and safety risks, including prevention of injury.  
In summary, of the main consequences of undertaking this project, it is hoped that 
standards may be reviewed or initiate further discussion. It is acknowledged that politics 
drive the forces of policies instituted within organizations. It is hoped this project may change 
outlooks on how things have been done to date and that it may provide a sustainable outcome 
to rail operators with respect to drainage infrastructure. Of course, the findings of this paper 
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and any subsequent future research are most likely subject to a risk assessment before the 
instigation of any changes in the industry.   
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C2. Ethics 
This is an independent project for the University of Southern Queensland. Assistance 
has been required to achieve results and all contributions are appreciated and acknowledged.  
Ethically this project is intended to be objective, honest in its findings and conclusions, 
and support discussion and healthy debate. The intention of this paper is to report based on 
adequate knowledge of track drainage, acquired by diligent research and experimentation 
using a rainfall simulator. Long term sustainability is promoted by reporting on the most 
efficient method for track drainage.   
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Appendix D. Risk  
When projects are undertaken it is good practice to undertake a risk assessment to 
address tasks. This section outlines a methodology used to qualitatively or subjectively assess 
the project risk. The approach is modelled after project risk assessment processes outlined in 
standard project management texts and training courses but tailored to the unique risks 
encountered in this project.  
 
In the context of this section, project risk means risk to one of the project baselines 
(technical, cost, or schedule) and should not be confused with health and safety risks. 
However, health and safety issues are considered to the extent that they impact the risk to the 
project baselines.  
 
Risk Assessment tools 
The two primary tools that will be used to conduct the risk assessment are listed 
below.  
D1. The Risk Assessment Matrix 
The Risk Assessment Matrix given in Error! Reference source not found. consists of two 
elements: risk frequency and risk consequence guidelines. The risk factors represent the 
topics that are considered to have the most influence on project risk. The risk ranking 
guidelines are qualitative statements assigned to low, moderate, high and severe risk 
categories. The risk ranking guidelines are used to determine the risk impact of each of the 
risk factors to the project baseline.   
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D2. The Risk Assessment Data Sheet 
The Risk Assessment Data Sheet shown in Table D7-4 - The Risk Assessment Data 
Sheet is the tool that is used to document the results of the risk assessment session. The data 
sheet is designed to be used in conjunction with the Risk Assessment Matrix to obtain a 
structured, consistent, and rigorous assessment of risk.  The two tools discussed above can be 
used to manage the project risks by identifying the risks, assessing the risks, and reducing the 
risks through mitigation and contingency planning.  
 
Table D7-1 Risk Matrix 
 




































































A - Severe 
























B - High 
  







You expect it will almost definitely be a regular or 
repeated feature of the project life 




You expect it very likely to occur during the project 
life 




You would expect it will occur more likely than not 
occur during the project life 
1 to 10 times a month 
Unlikely - 
L4 
You would expect it will more likely not occur than 
occur during the project life 
Once every 1 to 10 
month 
Rare - L5 You don’t expect it to occur during the project life 




You don’t expect it to ever occur during project life 
Less than once every 
100 months 
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Actions to be Taken  
A - 
Severe 
Risks with this rating are generally intolerable and should be avoided. 




Risks with this rating are undesirable. They can only be tolerated if it is not reasonably 
practicable to reduce the risk further.  
In relation to health and safety and environment, the task must not be performed  
C - 
Moderate 
Risks with this rating are tolerable if it is not reasonably practicable to reduce the risk further.  
In relation to health and safety and environment, the task should be reviewed to determine if it can be 
reduced further and whether all reasonable and practicable controls have been considered / applied.  
D - 
Low 
Risks with this rating are considered to be broadly acceptable. In relation to health and safety 
and environmental risks, control measures should be effective and reliable and subject to appropriate 
monitoring.  
If there are options for further risk reduction and the cost is proportionate to the benefits to be gained, then 
implementation of these measures should be considered.  
The risk and its treatment measures should be subject to appropriate monitoring.  
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1 Unbalanced Lifestyle, 









Planning work, balancing 
work with appropriate 









Planning work and 
doing what was set 
out to be achieved 
within the time 
period
2
Incorrect posture when 







Checking chair height and 










Can lead to muscles 
stiffening up, back 
strain. Similar 








Appropriate monitors and 





















C Using appropriate 








D Usually comes with 
warnings
5








B Backup data regularly, 














time on one or more 
stages and spending too 





B Manage time 










down in detail can 
neglect the 
important parts of 
the project
7









Do a more thorough 
research, spend 









Having a guide on 
where the project is 
going is key to 
completing 
8
Some or all aspects of the 







Be clear in what is 
expected. Read study 




















C Keep current and up to 








There is not much 
that can be done 
about this
10
Change in Rescources eg 
new computer - 


















Switch to alternative 
rescource
11
Project topic or scope is 






Negotiate with supervisor 







C Reducing excess 
repetetive work
Risk During Project Execution
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B Quality checks and 
references, Reviewing 












Potential of project 
being reproduced 
with incorrect data
Risk Beyond Project Execution
  
Table D7-4 The Risk Assessment Data Sheet 
 
D3. Safe Work Method Statements (SWMS) 
As site visits to construction yards are required to do tests, safe work method statements 
have been utilized to review associated risk and safety concerns.  
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Appendix E. Resources 
 Personal computer with the following software: 
o Drains;  
o AutoCAD; 
o MS Office including Excel and Word; 
o Access to scholarly articles; 
 Access to an experimental area for trench and workspace (as provided by 
Robson Civil Projects by arrangement);  
 Rainfall simulator (refer to Figure E7-1); 
 Trench/Earthworks digging equipment; 
 PPE for site work (such as boots, hi-viz vest, gloves etc); 
 The materials needed to construct the basic model included: 
o 5m3 of Ballast; 
o 5m of Rail (or equivalent sized impermeable material);  
o 1.2m3 Blue Steel filter material (pea gravel); 
o 2.5m slotted 250mm HDPE Pipe; 
o 0.05m3 Compacted DGB20; 
o Drop sheet or plastic liner. 
 
Robson Civil Projects provided resources to aid in the construction of a 10m2 Railway 
model as illustrated in Figure E7-2. The model was situated on Robson Civil Project land at 
Somersby, NSW. Basic requirements of the model were that it would: 
 Be accessible to 1-4 people over a time period of roughly 4 months; and 
 Have continual access to power (such as via car battery) and water supply so 
as to allow for the operation of the rainfall simulator. 
Time of Concentration Investigation Within a Track Environment for Efficient Storm Water Drainage   
Bernard Lariviere – University of Southern Queensland      Page | 96 
Faculty of Engineering and Surveying         
 
 
Figure E7-1-3D Rainfall simulator shop drawing model 
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Figure E7-2-Design drawing for the rainfall simulator  
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Appendix F. Rainfall intensities 
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Table F7-7 IFD Sydney Central Station (BOM 1987) 
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Table F7-8 IFD Broadmeadow Station (BOM 2016) 
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Table F7-9 IFD Broadmeadow Station (BOM 1987) 
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 Table F7-10 IFD Wollongong Train Station (BOM 2016) 
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Table F7-11 IFD Wollongong Station (BOM 1987) 
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DRAWN: JGM   DATE: 22-Dec-17 MASS:144.0 kg 
SHEET 1  OF 8    SCALE 1:20 
NORTHSIDE FABRICATIONS
1 10 Plate CON_ROD 0.020 0.010 0.6 1
2 16 Plate BOOM_LEVER 0.030 0.016 1.0 1
3 16 Plate MOTOR_LEVER 0.020 0.016 0.7 1
4 110. DIA ROUND BAR BUSH 0.036 0.030 2.0 2
5 ASSEMBLY FRAME 4.405 0.000 54.0 1
6 ASSEMBLY GUTTER 2.366 0.000 14.0 1
7 ASSEMBLY GUTTER_MIRROR 2.366 0.000 14.0 1
8 ASSEMBLY LEG_EXTENSION 0.718 0.000 8.0 4
9 ASSEMBLY NOZZLE_BOOM 1.067 0.000 15.0 1
























DRAWN: JGM   DATE: 22-Dec-17 MASS:144.000 kg
SHEET 2  OF 8    SCALE 1:1 
 NORTHSIDE FABRICATIONS
BILL OF MATERIALS - FOR DATABASE ENTRY
Category CreoPart Description Area Length MassNo req'd
Profile Profile.2 PLATE.22729.142109 GUTTER 2 PLATE 2.273 0.000 14.2 2
Profile Profile.2 Plate.480.2948 GUTTER_END 2 Plate 0.048 0.002 0.3 1
Profile Profile.2 Plate.480.2948 GUTTER_END_MIRROR 2 Plate 0.048 0.002 0.3 1
Profile Profile.2 Plate.480.2948 GUTTER_END_MIRROR_OPEN 2 Plate 0.048 0.002 0.3 1
Profile Profile.2 Plate.453.2766 GUTTER_END_OPEN 2 Plate 0.045 0.002 0.3 1
Profile Profile.5 Plate.121.2058 FEET 5 Plate 0.012 0.005 0.2 4
Profile Profile.5 Plate.78.1294 GUTTER_BRACKET_2 5 Plate 0.008 0.005 0.1 10
Profile Profile.5 Plate.74.1132 GUTTER_BRACKETS 5 Plate 0.007 0.005 0.1 10
Profile Profile.5 Plate.1222.22633 HEAD_BOARD 5 Plate 0.122 0.005 2.3 2
Profile Profile.10 Plate.199.5702 CON_ROD 10 Plate 0.020 0.010 0.6 1
Profile Profile.16 Plate.296.10468 BOOM_LEVER 16 Plate 0.030 0.016 1.0 1
Profile Profile.16 Plate.204.7181 MOTOR_LEVER 16 Plate 0.020 0.016 0.7 1
Round Bar Round Bar.110. DIA ROUND BAR 110. DIA ROUND BAR 0.036 0.030 2.0 2
Socket Socket.1/2" NPT Half Socket 1/2" NPT Half Socket 0.006 0.024 0.2 6
0.011 0.000 0.2 1
SHS SHS.32x32x3 SHS 32x32x3 SHS 0.045 0.200 0.5 4
SHS SHS.40x40x3 SHS 40x40x3 SHS 1.126 8.000 13.3 3
SHS SHS.40x40x3 SHS 40x40x3 SHS 0.158 0.600 1.8 4
SHS SHS.40x40x3 SHS 40x40x3 SHS 0.660 2.360 7.8 4
Pipe Pipe.42x4WT PIPE 42x4WT PIPE 1.020 4.200 14.2 1











BILL OF MATERIALS - ENTIRE ASSEMBLY
Index Type Description Model Area (m2) Length (m) Mass (kg) No Line Mass (kg)
1 Profile 2 PLATE GUTTER 2.273 0.000 14.2 2 28.4
2 PROFILE 2 Plate GUTTER_END 0.048 0.002 0.3 1 0.3
3 PROFILE 2 Plate GUTTER_END_MIRROR 0.048 0.002 0.3 1 0.3
4 PROFILE 2 Plate GUTTER_END_MIRROR_OPEN 0.048 0.002 0.3 1 0.3
5 PROFILE 2 Plate GUTTER_END_OPEN 0.045 0.002 0.3 1 0.3
6 PROFILE 5 Plate FEET 0.012 0.005 0.2 4 0.8
7 PROFILE 5 Plate GUTTER_BRACKET_2 0.008 0.005 0.1 10 1.3
8 PROFILE 5 Plate GUTTER_BRACKETS 0.007 0.005 0.1 10 1.1
9 PROFILE 5 Plate HEAD_BOARD 0.122 0.005 2.3 2 4.5
10 PROFILE 10 Plate CON_ROD 0.020 0.010 0.6 1 0.6
11 PROFILE 16 Plate BOOM_LEVER 0.030 0.016 1.0 1 1.0
12 PROFILE 16 Plate MOTOR_LEVER 0.020 0.016 0.7 1 0.7
13 MEMBER 110. DIA ROUND BAR BUSH 0.036 0.030 2.0 2 4.0
14 MISC 1/2" NPT Half Socket 1_2_NPT_HALF_SOCKET 0.006 0.024 0.2 6 0.9
15 32NB PIPE CAP 32_PIPE_CAP 0.011 0.000 0.2 1 0.2
16 MEMBER 32x32x3 SHS LEG_SPIGOT 0.045 0.200 0.5 4 2.2
17 MEMBER 40x40x3 SHS HORIZONTAL 1.126 8.000 13.3 3 39.8
18 MEMBER 40x40x3 SHS  WITH COPING LEG 0.158 0.600 1.8 4 7.4
19 MEMBER 40x40x3 SHS LEG_EXTENSION 0.660 2.360 7.8 4 31.1
20 MEMBER 42x4WT PIPE  WITH HOLES NOZZLE_BOOM 1.020 4.200 14.2 1 14.2




























2mm stainless or colorbond
Gutter
1.6mm stainless or colorbond
Gutter End Open















 MEMBER: NOZZLE BOOM
JOB: RAINFALL SIMULATOR
FOR: JACOBS
DRAWN: JGM   DATE: 05-Jan-18 MASS:0.2 kg 
SHEET 4  OF 8    SCALE 1:1 
NORTHSIDE FABRICATIONS
Index Description Model Area (m2) Length (m) Mass (kg) Qty
1 1/2" NPT Half Socket 1_2_NPT_HALF_SOCKET 0.006 0.024 0.2 6
2 32NB PIPE CAP 32_PIPE_CAP 0.011 0.000 0.2 1
3 42x4WT PIPE NOZZLE_BOOM 1.020 4.200 14.2 1
Index Description Model Area (m2) Length (m) Mass (kg) Qty










DRAWN:    DATE: 05-Jan-18 MASS:8.0 kg 
SHEET 5  OF 8    SCALE 1:10 
NORTHSIDE FABRICATIONS
1 5 Plate FEET 0.012 0.005 0.2 1
2 32x32x3 SHS LEG_SPIGOT 0.045 0.200 0.5 1
3 40x40x3 SHS LEG_EXTENSION 0.660 2.360 7.8 1











DRAWN: JGM   DATE: 05-Jan-18 MASS:14.0 kg 
SHEET 6  OF 8    SCALE 1:10 
NORTHSIDE FABRICATIONS
1 2 PLATE GUTTER 2.273 0.000 14.2 1
2 2 Plate GUTTER_END 0.048 0.002 0.3 1
3 2 Plate GUTTER_END_MIRROR_OPEN 0.048 0.002 0.3 1













DRAWN: JGM   DATE: 05-Jan-18 MASS:54.0 kg 
SHEET 7  OF 8    SCALE 1:10 
NORTHSIDE FABRICATIONS
1 5 Plate GUTTER_BRACKET_2 0.008 0.005 0.1 10
2 5 Plate GUTTER_BRACKETS 0.007 0.005 0.1 10
3 40x40x3 SHS HORIZONTAL 1.126 8.000 13.3 3
4 ASSEMBLY A_FRAME 0.438 0.000 5.0 2











DRAWN:    DATE: 05-Jan-18 MASS:5.0 kg 
SHEET 8  OF 8    SCALE 1:2 
NORTHSIDE FABRICATIONS
1 5 Plate HEAD_BOARD 0.122 0.005 2.3 1
2 40x40x3 SHS LEG 0.158 0.600 1.8 2
Index Description Model Area (m2) Length (m) Mass (kg) Qty
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number of buckets 4
volume of buckets 10 l
Pipe Pressure (approx) N/A kPa
Total
Total Volume output 40 l
Total Volume per s 0.519481 l/s
Total Volume per min 31.16883 l/min
Total Volume per Hour 1870.13 l/hr
Total Volume m3 per Hour 1.87013 m3/hr
0.00187 m/hr
Individual Nozzle
Single Bucket Volume output 10 l
Total Volume per s 0.12987 l/s
Total Volume per min 7.792208 l/min
Total Volume per Hour 467.5325 l/hr





number of buckets 4
volume of buckets 10 l
Pipe Pressure (approx) 40 kPa
Total
Total Volume output 40 l
Total Volume per s 0.941176 l/s
Total Volume per min 56.47059 l/min
Total Volume per Hour 3388.235 l/hr
Total Volume m3 per Hour 3.388235 m3/hr
0.003388 m/hr
Individual Nozzle
Single Bucket Volume output 10 l
Total Volume per s 0.235294 l/s
Total Volume per min 14.11765 l/min
Total Volume per Hour 847.0588 l/hr




Test 1 5 Rows of cups
Legend
CU coefficient of uniformity (%) Weight of Cup
x is the deviation of individual observations from the mean Cup Number
m mean Input required
n number of observations
Xi Measured depths
65 Cup Diameter (mm)
0.003318307 Cup Area m2 Pressure 36 kPa approx
Test 1 Max speed no delay 5 Min duration
Date: 14/06/2019
CU (%) 85.9850986 Observation
Cup number W before (g) W after (g) Water Vol (g) mm/Hour n Xi x m
60 1995.355 237.2897
A1 65 108 43 155.50097 1 155.501 81.78869 237.2897
A2 62 113 51 184.43138 2 184.4314 52.85828 237.2897
A3 66 148 82 296.53674 3 296.5367 59.24708 237.2897
A4 67 140 73 263.99002 4 263.99 26.70036 237.2897
A5 73 133 60 216.9781 5 216.9781 20.31156 237.2897
A6 66 132 66 238.67591 6 238.6759 1.386249 237.2897
A7 73 146 73 263.99002 7 263.99 26.70036 237.2897
A8 63 121 58 209.7455 8 209.7455 27.54416 237.2897
A9 61 154 93 336.31605 9 336.3161 99.02639 237.2897
A10 61 146 85 307.38564 10 307.3856 70.09598 237.2897
A11 65 118 53 191.66399 11 191.664 45.62567 237.2897
A12 61 116 55 198.89659 12 198.8966 38.39307 237.2897
B1 73 132 59 213.3618 13 213.3618 23.92786 237.2897
B2 61 129 68 245.90851 14 245.9085 8.618852 237.2897
B3 65 144 79 285.68783 15 285.6878 48.39817 237.2897
B4 64 140 76 274.83893 16 274.8389 37.54927 237.2897
B5 62 130 68 245.90851 17 245.9085 8.618852 237.2897
B6 69 137 68 245.90851 18 245.9085 8.618852 237.2897
B7 65 141 76 274.83893 19 274.8389 37.54927 237.2897
B8 65 121 56 202.51289 20 202.5129 34.77677 237.2897
B9 64 155 91 329.08345 21 329.0835 91.79379 237.2897
B10 60 147 87 314.61824 22 314.6182 77.32858 237.2897
Coefficient of Uniformity is based on Christiansen, J. E., 1942. Irrigation by Sprinkling.. University Of California, 











𝐶𝐶𝑢𝑢 = 100 1 −
∑𝑥𝑥
𝑚𝑚.𝑛𝑛
B11 62 133 71 256.75742 23 256.7574 19.46776 237.2897
B12 59 119 60 216.9781 24 216.9781 20.31156 237.2897
C1 78 122 44 159.11727 25 159.1173 78.17239 237.2897
C2 74 133 59 213.3618 26 213.3618 23.92786 237.2897
C3 87 151 64 231.44331 27 231.4433 5.846354 237.2897
C4 77 138 61 220.5944 28 220.5944 16.69526 237.2897
C5 73 133 60 216.9781 29 216.9781 20.31156 237.2897
C6 79 146 67 242.29221 30 242.2922 5.002551 237.2897
C7 88 152 64 231.44331 31 231.4433 5.846354 237.2897
C8 81 147 66 238.67591 32 238.6759 1.386249 237.2897
C9 80 153 73 263.99002 33 263.99 26.70036 237.2897
C10 91 161 70 253.14112 34 253.1411 15.85146 237.2897
C11 81 148 67 242.29221 35 242.2922 5.002551 237.2897
C12 68 119 51 184.43138 36 184.4314 52.85828 237.2897
D1 76 112 36 130.18686 37 130.1869 107.1028 237.2897
D2 85 136 51 184.43138 38 184.4314 52.85828 237.2897
D3 85 152 67 242.29221 39 242.2922 5.002551 237.2897
D4 94 152 58 209.7455 40 209.7455 27.54416 237.2897
D5 109 174 65 235.05961 41 235.0596 2.230053 237.2897
D6 97 165 68 245.90851 42 245.9085 8.618852 237.2897
D7 81 150 69 249.52481 43 249.5248 12.23515 237.2897
D8 84 148 64 231.44331 44 231.4433 5.846354 237.2897
D9 89 155 66 238.67591 45 238.6759 1.386249 237.2897
D10 95 169 74 267.60632 46 267.6063 30.31666 237.2897
D11 64 128 64 231.44331 47 231.4433 5.846354 237.2897
D12 62 117 55 198.89659 48 198.8966 38.39307 237.2897
E1 60 102 42 151.88467 49 151.8847 85.40499 237.2897
E2 81 134 53 191.66399 50 191.664 45.62567 237.2897
E3 67 133 66 238.67591 51 238.6759 1.386249 237.2897
E4 94 170 76 274.83893 52 274.8389 37.54927 237.2897
E5 94 166 72 260.37372 53 260.3737 23.08406 237.2897
E6 82 146 64 231.44331 54 231.4433 5.846354 237.2897
E7 98 193 95 343.54866 55 343.5487 106.259 237.2897
E8 72 144 72 260.37372 56 260.3737 23.08406 237.2897
E9 65 130 65 235.05961 57 235.0596 2.230053 237.2897
















E11 52 113 61 220.5944 59 220.5944 16.69526 237.2897
E12 73 124 51 184.43138 60 184.4314 52.85828 237.2897
Nozzle
Equation 25 p94
Test 1 5 Rows of cups
Legend
CU coefficient of uniformity (%) Weight of Cup
x is the deviation of individual observations from the mean Cup Number
m mean Input required
n number of observations
Xi Measured depths
65 Cup Diameter (mm) Pressure 36 kPa approx
0.00331831 Cup Area m2
Test 2 Max speed no delay 5 Min duration
Date: 14/06/2019
CU (%) 88.476136 Observation
Cup number W before (g) W after (g) Water Vol (g) mm/Hour n Xi x m
36 975.9996 235.2605
B1 73 132 59 213.3618 1 213.3618 21.89872 235.2605
B2 61 129 68 245.90851 2 245.9085 10.648 235.2605
B3 65 144 79 285.68783 3 285.6878 50.42732 235.2605
B4 64 140 76 274.83893 4 274.8389 39.57841 235.2605
B5 62 130 68 245.90851 5 245.9085 10.648 235.2605
B6 69 137 68 245.90851 6 245.9085 10.648 235.2605
B7 65 141 76 274.83893 7 274.8389 39.57841 235.2605
B8 65 121 56 202.51289 8 202.5129 32.74762 235.2605
B9 64 155 91 329.08345 9 329.0835 93.82294 235.2605
B10 60 147 87 314.61824 10 314.6182 79.35773 235.2605
B11 62 133 71 256.75742 11 256.7574 21.4969 235.2605
B12 59 119 60 216.9781 12 216.9781 18.28241 235.2605
C1 78 122 44 159.11727 13 159.1173 76.14324 235.2605
C2 74 133 59 213.3618 14 213.3618 21.89872 235.2605
C3 87 151 64 231.44331 15 231.4433 3.817207 235.2605
C4 77 138 61 220.5944 16 220.5944 14.66611 235.2605
C5 73 133 60 216.9781 17 216.9781 18.28241 235.2605
C6 79 146 67 242.29221 18 242.2922 7.031698 235.2605
C7 88 152 64 231.44331 19 231.4433 3.817207 235.2605
Coefficient of Uniformity is based on Christiansen, J. E., 1942. Irrigation by Sprinkling.. University Of California, 










𝐶𝐶𝑢𝑢 = 100 1 −
∑𝑥𝑥
𝑚𝑚.𝑛𝑛
C8 81 147 66 238.67591 20 238.6759 3.415396 235.2605
C9 80 153 73 263.99002 21 263.99 28.72951 235.2605
C10 91 161 70 253.14112 22 253.1411 17.8806 235.2605
C11 81 148 67 242.29221 23 242.2922 7.031698 235.2605
C12 68 119 51 184.43138 24 184.4314 50.82913 235.2605
D1 76 112 36 130.18686 25 130.1869 105.0737 235.2605
D2 85 136 51 184.43138 26 184.4314 50.82913 235.2605
D3 85 152 67 242.29221 27 242.2922 7.031698 235.2605
D4 94 152 58 209.7455 28 209.7455 25.51502 235.2605
D5 109 174 65 235.05961 29 235.0596 0.200906 235.2605
D6 97 165 68 245.90851 30 245.9085 10.648 235.2605
D7 81 150 69 249.52481 31 249.5248 14.2643 235.2605
D8 84 148 64 231.44331 32 231.4433 3.817207 235.2605
D9 89 155 66 238.67591 33 238.6759 3.415396 235.2605
D10 95 169 74 267.60632 34 267.6063 32.34581 235.2605
D11 64 128 64 231.44331 35 231.4433 3.817207 235.2605
D12 62 117 55 198.89659 36 198.8966 36.36392 235.2605










CU coefficient of uniformity (%) Weight of Cup
x is the deviation of individual observations from the mean Cup Number
m mean Input required
n number of observations
Xi Measured depths
70 Cup Diameter (mm)
0.00384845 Cup Area m2 Pressure 38 kPa approx
Test 3 Max speed no delay 5 Min duration
Date: 16/08/2018
CU (%) 83.6714 Observation
Cup number W before (g) W after (g) Water Vol mm/Hour n Xi x m
36 1506.06 256.207
B1 7 62 55 171.4976 1 171.4976 84.70941 256.207
B2 7 84 77 240.0966 2 240.0966 16.11038 256.207
B3 7 60 53 165.2613 3 165.2613 90.94568 256.207
B4 7 71 64 199.5608 4 199.5608 56.64617 256.207
B5 7 112 105 327.4045 5 327.4045 71.19748 256.207
B6 7 82 75 233.8603 6 233.8603 22.34665 256.207
B7 7 101 94 293.1049 7 293.1049 36.89796 256.207
B8 7 92 85 265.0417 8 265.0417 8.834723 256.207
B9 7 94 87 271.278 9 271.278 15.071 256.207
B10 7 110 103 321.1682 10 321.1682 64.9612 256.207
B11 7 109 102 318.05 11 318.05 61.84306 256.207
B12 7 84 77 240.0966 12 240.0966 16.11038 256.207
C1 7 64 57 177.7338 13 177.7338 78.47313 256.207
C2 7 82 75 233.8603 14 233.8603 22.34665 256.207
C3 7 58 51 159.025 15 159.025 97.18196 256.207
C4 7 68 61 190.2064 16 190.2064 66.00058 256.207
C5 7 108 101 314.9319 17 314.9319 58.72493 256.207
C6 7 81 74 230.7422 18 230.7422 25.46479 256.207
C7 7 97 90 280.6324 19 280.6324 24.42541 256.207
Coefficient of Uniformity is based on Christiansen, J. E., 1942. Irrigation by Sprinkling.. University Of 










𝐶𝐶𝑢𝑢 = 100 1 −
∑𝑥𝑥
𝑚𝑚.𝑛𝑛
C8 7 92 85 265.0417 20 265.0417 8.834723 256.207
C9 7 89 82 255.6873 21 255.6873 0.51969 256.207
C10 7 100 93 289.9868 22 289.9868 33.77982 256.207
C11 7 95 88 274.3961 23 274.3961 18.18914 256.207
C12 7 91 84 261.9236 24 261.9236 5.716586 256.207
D1 7 71 64 199.5608 25 199.5608 56.64617 256.207
D2 7 93 86 268.1598 26 268.1598 11.95286 256.207
D3 7 66 59 183.9701 27 183.9701 72.23686 256.207
D4 7 74 67 208.9152 28 208.9152 47.29175 256.207
D5 7 128 121 377.2947 29 377.2947 121.0877 256.207
D6 7 93 86 268.1598 30 268.1598 11.95286 256.207
D7 7 106 99 308.6956 31 308.6956 52.48865 256.207
D8 7 102 95 296.2231 32 296.2231 40.0161 256.207
D9 7 91 84 261.9236 33 261.9236 5.716586 256.207
D10 7 104 97 302.4594 34 302.4594 46.25238 256.207
D11 7 99 92 286.8687 35 286.8687 30.66169 256.207
D12 7 97 90 280.6324 36 280.6324 24.42541 256.207










CU coefficient of uniformity (%) Weight of Cup
x is the deviation of individual observations from the mean Cup Number
m mean Input required
n number of observations
Xi Measured depths
70 Cup Diameter (mm) Pressure 40 kPa
0.0038485 Cup Area m2
Test 4 Max speed no delay 5 Min duration - on dry Ballast
Date: 14/06/2018
CU (%) 98.0173482 Observation
Cup number W before (g)
W after 
(g) Water Vol mm/Hour n Xi x m
3 16.63007 279.593
Cup 1 7 94 87 271.278 1 271.278 8.315034 279.593
Cup 2 7 99 92 286.8687 2 286.8687 7.275655 279.593





Coefficient of Uniformity is based on Christiansen, J. E., 1942. Irrigation by Sprinkling.. University Of 
California, College Of Agriculture, Agriculture Experiment Station. Bulletin 670.





CU coefficient of uniformity (%) Weight of Cup
x is the deviation of individual observations from the mean Cup Number
m mean Input required
n number of observations
Xi Measured depths
70 Cup Diameter (mm) Pressure 40 kPa
0.00384845 Cup Area m2
Test 5 Max speed no delay 5 Min duration - on wet Ballast
Date: 14/06/2018
CU (%) 94.464501 Observation
Cup number W before (g) W after (g) Water Vol mm/Hour n Xi x m
3 47.81144 287.908
Cup 1 7 97 90 280.632 1 280.6324 7.275655 287.908
Cup 2 7 107 100 311.814 2 311.8138 23.90572 287.908





Coefficient of Uniformity is based on Christiansen, J. E., 1942. Irrigation by Sprinkling.. University Of 
California, College Of Agriculture, Agriculture Experiment Station. Bulletin 670.





CU coefficient of uniformity (%) Weight of Cup
x is the deviation of individual observations from the mean Cup Number
m mean Input required
n number of observations
Xi Measured depths
70 Cup Diameter (mm) Pressure 40 kPa
0.00384845 Cup Area m2
Test 6 Max speed no delay 12 Min duration - on wet Ballast
Date: 14/06/2018
CU (%) 95.043371 Observation
Cup number W before (g) W after (g) Water Vol mm/Hour n Xi x m
3 34.64597 232.9942
Cup 1 7 189 182 236.4588 1 236.4588 3.464597 232.9942
Cup 2 7 197 190 246.8526 2 246.8526 13.85839 232.9942





Coefficient of Uniformity is based on Christiansen, J. E., 1942. Irrigation by Sprinkling.. University Of 
California, College Of Agriculture, Agriculture Experiment Station. Bulletin 670.
𝐶𝐶𝑢𝑢 = 100 1 −
∑𝑥𝑥
𝑚𝑚.𝑛𝑛
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Appendix J. Data sheets 
  
Plastream® Slotted Pipe
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There is no alternative 
to Plastream SN10 
slotted pipe
• High stiffness
• Highest surface area of slots
• Economical
• 6m standard lengths
• Custom lengths made to order
• Full range of bends and junctions
Use Plastream 225 
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EMBEDMENT AND NATIVE SOIL - MATERIALS AND MODULI*
Materials







85 90 95 100
AS 1726 † AS 2758.1
ID (%)
50 60 70 80
Standard penetration test ‡ 
Number of blows
<4 >4  ≤14 >14  ≤24 >24  ≤50 >50
Gravel - single size --              Coarse 
      } aggregate
5§ 7§ 7§ 10§ 14
Gravel - graded GW 3§ 5§ 7§ 10§ 20
Sand and coarse-grained 
soil with less than 12% 
fines
GP, SW, SP and GM-
GL, GC-SC etc. -- 1 3§ 5§ 7§ 14
Coarse-grained soil with 
more than 12% fines
GM, GC, SC SM and 
GM-SC, GC-SC -- NR 1§ 3§ 5§ 10
Fine-grained soil 
(LL<50%) with medium 
to no plasticity and 
containing more than 
25% coarse-grained 
particles
CL, ML, mixtures ML-
CL and ML-MH -- NR 1§ 3§ 5§ 10
Fine-grained soil 
(LL<50%) with medium 
to no plasticity and 
containing less than 25% 
coarse-grained particles
CI, CL, ML, mixtures 
ML-CL, CL-CH and 
ML-MH
-- NR NR 1 3 7
Fine-grained soil 
(LL>50%) with medium 
to high plasticity
CH, MH and CH-MH -- NR NR NR NR NR
*      Values apply for covers to 10.0 m and are  
         conservative for greater covers.
†       See Appendix A of AS 2566.1  Supp 1.
‡       For native soils only. See AS 1289.6.3.2.
§      These values are the more commonly used  
         and achieved in practice.
NR  No reliable modulus values for these  
         materials. May be appropriate where external  
         load is nominal or where evaluation permits  
         its use.
NOTES:
1. Values are conservative as they contain a 
reduction in modulus which occurs when the 
ground water is above the pipe. Allowance can 
be made for dry ground conditions. (See AS/
NZS 2566.1  Supp 1.)
2. Where appropriate, geotextile is to be places 
between native soil and embedment material 
to prevent migration of fines.
3. Where stabilised materials are used the 
designer shall determine values for E’C for the 
specified material.
The content of this brochure is protected by copyright and may not be reproduced in any form without the prior written consent of Rocla Pty 
Limited. The information in this brochure is as far as possible accurate at the date of publication, however, before application in any situation, 
Rocla recommends that you obtain qualified expert advice confirming the suitability of product(s) and information in question for the application 
proposed. While Rocla accepts its legal obligations, be aware however that to the extent permitted by law, Rocla disclaims all liability (including 
liability for negligence) for all loss and damage resulting from the use of the information provided in this brochure.




















Designed in accordance with AS2566 Buried Flexible Pipes Part 1: 
Structural Design with increasing effective embedment modulus the 
maximum height of fill increases. 
Table 3.2 (reproduced below) of AS2566 describes the type of 






Plastream® slotted pipe is manufactured
from steel-reinforced polyethylene (SRP),
providing a rigid, robust, lightweight pipe
with high durability and load bearing
capacity.
The slots, which are formed during the pipe
manufacturing process, are configured to
provide more efficient flow transfer rates and
lower maintenance requirements.
A wide range of sizes and configurations is
available to accommodate almost all site
constraints, including trafficable areas.
Standard sizes are 225mm to 900mm
diameter, with larger sizes up to 2250mm
available on request.
Plastream® slotted pipes are ideal for a
variety of applications, including infiltration,
exfiltration and on-site detention, in projects
such as:
• Water-sensitive urban designs such as
bio swales, bio retention systems, etc.
• Drainage of water from behind large
retaining walls.
• Sporting arenas where special turf
requires rapid drainage and high
volumes of watering.
• Collection of leachate in landfill tips or
contaminated areas.
• Maintenance of ground water levels.
• Stormwater collection and/or 
detention in built-up areas.
• Trafficable areas
For more information on Plastream® slotted
pipe and other transfer, storage, treatment





Or visit our website
www.rocla.com.au
® Trademarks of Rocla Pty Limited ABN 31 000 032 191 A member of the Fletcher Building Group
Plastream trademark licensed from Plastream Pipe Technologies Pty Ltd (ACN 111 107 852) for exclusive use in Australia and NZ
© Rocla Pty Ltd, March 2010
The contents of this brochure are copyright and may not be reproduced in any form without the prior written consent
of Rocla Pty Limited. Recommendations and advice regarding the use of the products described in this brochure are
to be taken as a guide only, and are given without responsibility on the part of the company or its employees.
Individual designs involving the use of these products should be undertaken by a competent engineer.
Plastream® SRP Slotted Pipe
Plastream® slotted pipes are designed in accordance with AS2566: Part 1 - Buried
Flexible Pipelines – Structural Design, and installed in accordance with AS2566: Part 2 –
Installation of Buried Flexible Pipelines.
Even distribution of the rectangular slots around the pipe allows rapid and uniform flow
of water, reducing the possibility of differential movement of the surrounding soil from
uneven moisture content.
The equally-spaced rectangular slots provide a total perforated area of 2.1% which is
well above the minimum requirements of AS2439.1.
The ribbed configuration combined with small perforations prevents large soil particles
from entering the pipeline, greatly reducing the accumulation of silt in the pipe and
lowering maintenance requirements.  In sandy or fine soil conditions, geotextile fabric
may be required to improve the filtration of fines.
Estimated Inflow Capacity of Plastream® Slotted Pipe
Standard Pipe Diameters 225 to 900mm
Standard Pipe Diameters: 225mm to 900mm
Percentage of Open Area: 2.0% (all sizes)
Percentage of Plan Area: 3.9%  (all sizes)
(Plan Area = half of circumference x 1m)
Included angle of perforated arch:  360 degrees (i.e. full circle)
6193
0
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Spray Nozzles, Standard Spray
• Flat spray pattern distributes the liquid as a flat- or sheet-type spray.
• Small- to medium-sized drops.
• Uniform distribution over a wide range of flow rates and pressures.
• Spray angles available from 0° (solid stream) to 110° at 40 psi (2.8 bar).
• Specially tapered spray pattern is ideal for use in manifold and header applications.
• High impact solid stream provides highest impact per unit area.
• Unobstructed flow passages minimize clogging.
Features and Benefits
H-DT
Below 1 gpm (3.9 l/min) at
40 psi (2.8 bar)
1/8" to 1/4" NPT or BSPT (F)
1 gpm (3.9 l/min) and above at
40 psi (2.8 bar)
1/8" to 3/4" NPT or BSPT (M)
H-UH-DU
1 gpm (3.9 l/min) and above at
40 psi (2.8 bar)
1/8" to 1/4" NPT or BSPT (F)
40 gpm (152 l/min) and above at
40 psi (2.8 bar)
1" to 2" NPT or BSPT (M)
Below 1 gpm (3.9 l/min) at
40 psi (2.8 bar)
1/8" to 1/4" NPT or BSPT (M)
UH-VV
Integral strainer
1/8" to 1/4" NPT or BSPT (M)
H-VVL
• See page C2 for optimization tips.
Optimization Tips
• Air washing












– Adjustable ball fittings
– Check valves
– Jet stabilizers for reduced 
turbulence
– Pressure gauges
– Pressure relief valves
– Robotic tips for high precision 
applications
– Split-eyelet connectors
– Strainers for H1/8VV 
(order strainer 12686) 
and H1/4VV (order 
strainer 12687)
– Strainers for other 
VeeJet nozzles
– Swivel connectors
• For chemical and corrosion resistance, see VeeJet spray nozzles 
in Kynar®
Phone 1-800-95-spray, FAX 1-888-95-spray



















Spray Nozzles, Standard Spray


















1/8 1/4 1/8 1/4 1/8 1/4 5 10 20 30 40 60 80 100 200 300 500 20 40 80 200
110°
l l l l 01 .026 .035 .05 .07 .09 .10 .12 .14 .16 .22 .27 .35 94 110 121 124
l l l l 015 .032 .05 .08 .11 .13 .15 .18 .21 .24 .34 .41 .53 97 110 121 124
l l l l l 02 .035 .07 .10 .14 .17 .20 .24 .28 .32 .45 .55 .71 98 110 120 123
l l l l l 03 .043 .11 .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1 99 110 120 123
l l l l l l 04 .050 .14 .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 100 110 119 122
l l l l l 05 .056 .18 .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 100 110 118 122
l l l l l l 06 .061 .21 .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 101 110 117 122
l l l l l 08 .071 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 102 110 117 121
l l l l l l 10 .079 .35 .50 .71 .87 1.0 1.2 1.4 1.6 2.2 2.7 3.5 103 110 117 119
l l l l l 15 .094 .53 .75 1.1 1.3 1.5 1.8 2.1 2.4 3.4 4.1 5.3 104 110 117 118
95°
l l l 0050 .018 – – .035 .043 .050 .060 .07 .08 .11 .14 .18 81 95 105 113
l l l l 01 .026 .035 .05 .07 .09 .10 .12 .14 .16 .22 .27 .35 81 95 105 113
l l l 015 .032 .05 .08 .11 .13 .15 .18 .21 .24 .34 .41 .53 82 95 105 113
l l l l l l 02 .035 .07 .10 .14 .17 .20 .24 .28 .32 .45 .55 .71 82 95 105 113
l l l l l 03 .043 .11 .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1 83 95 104 111
l l l l l l 04 .050 .14 .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 84 95 103 108
l l l l l 05 .056 .18 .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 84 95 102 107
l l l l l l 06 .061 .21 .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 86 95 101 106
l l 065 .064 .23 .33 .46 .56 .65 .80 .92 1.0 1.5 1.8 2.3 86 95 101 106
l l l l l l 08 .071 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 87 95 100 105
80°
l l l l 0050 .018 – – .035 .043 .050 .060 .07 .08 .11 .14 .18 61 80 95 101
l l l l 0067 .021 – .033 .05 .06 .067 .08 .09 .11 .15 .18 .24 67 80 94 99
l l l l l l 01 .026 – .05 .07 .09 .10 .12 .14 .16 .22 .27 .35 68 80 89 92
l l l l 015 .032 – .08 .11 .13 .15 .18 .21 .24 .34 .41 .53 68 80 89 92
l l l l l l 02 .035 .07 .10 .14 .17 .20 .24 .28 .32 .45 .55 .71 69 80 88 91
l l l l l l 03 .043 .11 .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1 70 80 87 90
l l l l l l 04 .050 .14 .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 71 80 86 89
l l l l l l 05 .056 .18 .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 71 80 86 89
l l l l l l 06 .061 .21 .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 72 80 85 88
l l l 07 .066 .25 .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5 72 80 85 88
l l l l l l 08 .071 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 72 80 84 87
l l l l 09 .075 .32 .45 .64 .78 .90 1.1 1.3 1.4 2.0 2.5 3.2 73 80 84 87
73°
l l l l l 0077 .023 – .039 .055 .067 .077 .09 .11 .12 .17 .21 .27 53 73 86 92
l l l l 0154 .032 .054 .077 .11 .13 .15 .19 .22 .24 .34 .42 .54 55 73 84 88
l l 0231 .038 .082 .12 .16 .20 .23 .28 .33 .37 .52 .63 .82 56 73 83 87
l l l l 0308 .044 .11 .15 .22 .27 .31 .38 .44 .49 .69 .84 1.1 58 73 82 86
l l 0462 .054 .16 .23 .33 .40 .46 .57 .65 .73 1.0 1.3 1.6 60 73 80 84
l l 0770 .069 .27 .39 .54 .67 .77 .94 1.1 1.2 1.7 2.1 2.7 64 73 77 82
Phone 1-800-95-spray, FAX 1-888-95-spray














Spray Nozzles, Standard Spray


















1/8 1/4 1/8 1/4 1/8 1/4 5 10 20 30 40 60 80 100 200 300 500 20 40 80 200
65°
l l 0017 .011 – – .012 .015 .017 .021 .024 .027 .038 .047 .06 44 65 77 86
l l 0033 .015 – – .023 .029 .033 .040 .045 .052 .07 .09 .12 47 65 76 83
l l l l l 0067 .021 – .03 .05 .06 .067 .08 .09 .11 .15 .18 .24 50 65 75 81
l l l l l l 01 .026 – .05 .07 .09 .10 .12 .14 .16 .22 .27 .35 51 65 74 80
l l l l 015 .032 – .08 .11 .13 .15 .18 .21 .24 .34 .41 .53 51 65 74 80
l l l l l l 02 .035 .07 .10 .14 .17 .20 .24 .28 .32 .45 .55 .71 52 65 73 79
l l 025 .039 .09 .13 .18 .22 .25 .31 .35 .40 .56 .68 .88 52 65 73 79
l l l l l l 03 .043 .11 .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1 53 65 72 78
l l l l l l 04 .050 .14 .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 53 65 72 76
l l l l l l 05 .056 .18 .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 53 65 72 76
l l l 055 .059 .19 .28 .39 .48 .55 .67 .78 .87 1.2 1.5 1.9 53 65 72 76
l l l l l 06 .061 .21 .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 54 65 72 75
l l l 07 .066 .25 .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5 54 65 71 75
l l l l l l 08 .071 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 55 65 71 74
l l l 09 .075 .32 .45 .64 .78 .90 1.1 1.3 1.4 2.0 2.5 3.2 55 65 71 74
50°
l l l l 01 .026 – .05 .07 .09 .10 .12 .14 .16 .22 .27 .35 37 50 59 65
l l l l 02 .035 – .10 .14 .17 .20 .24 .28 .32 .45 .55 .71 39 50 57 63
l l l l l 03 .043 .11 .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1 40 50 56 62
l l l l l 04 .050 .14 .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 42 50 56 61
l l l l l 05 .056 .18 .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 44 50 56 61
l l 055 .059 .19 .28 .39 .48 .55 .67 .78 .87 1.2 1.5 1.9 44 50 56 61
l l l l l 06 .061 .21 .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 45 50 56 60
l l l 07 .066 .25 .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5 45 50 56 60
l l l l l 08 .071 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 45 50 55 60
l l l 09 .075 .32 .45 .64 .78 .90 1.1 1.3 1.4 2.0 2.5 3.2 45 50 55 59
40°
l l l l l 01 .026 – – .07 .09 .10 .12 .14 .16 .22 .27 .35 26 40 52 59
l l l l l 015 .032 – – .11 .13 .15 .18 .21 .24 .34 .41 .53 27 40 52 59
l l l l l l 02 .035 – .10 .14 .17 .20 .24 .28 .32 .45 .55 .71 29 40 51 58
l l l l l l 03 .043 – .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1 30 40 50 57
l l l l l l 04 .050 – .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 30 40 50 56
l l l l l l 05 .056 – .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 31 40 49 55
l l l l 055 .059 – .28 .39 .48 .55 .67 .78 .87 1.2 1.5 1.9 31 40 49 55
l l l l l l 06 .061 – .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 31 40 49 55
l l l l 065 .064 – .33 .46 .56 .65 .80 .92 1.0 1.5 1.8 2.3 31 40 48 54
l l l l 07 .066 – .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5 31 40 48 54
l l l l l l 08 .071 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 31 40 47 53
l 085 .073 .30 .43 .60 .74 .85 1.0 1.2 1.3 1.9 2.3 3.0 32 40 46 50
l l l l 09 .075 .32 .45 .64 .78 .90 1.1 1.3 1.4 2.0 2.5 3.2 32 40 46 50
Phone 1-800-95-spray, FAX 1-888-95-spray



















Spray Nozzles, Standard Spray


















1/8 1/4 1/8 1/4 1/8 1/4 5 10 20 30 40 60 80 100 200 300 500 20 40 80 200
25°
l l l l l 01 .026 – – .07 .09 .10 .12 .14 .16 .22 .27 .35 14 25 34 42
l l l l l l 02 .035 – – .14 .17 .20 .24 .28 .32 .45 .55 .71 15 25 33 40
l l l l l l 03 .043 – – .21 .26 .30 .37 .42 .47 .67 .82 1.1 15 25 33 40
l l l l l l 04 .050 – .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 16 25 32 39
l l l 045 .053 – .23 .32 .39 .45 .55 .64 .71 1.0 1.2 1.6 16 25 32 39
l l l l l l 05 .056 – .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 16 25 32 39
l l l l 055 .059 – .28 .39 .48 .55 .67 .78 .87 1.2 1.5 1.9 16 25 31 38
l l l l l l 06 .061 – .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 17 25 31 38
l l l l 065 .064 – .33 .46 .56 .65 .80 .92 1.0 1.5 1.8 2.3 17 25 31 38
l l l l l 07 .066 – .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5 17 25 31 38
l l 075 .068 – .38 .53 .65 .75 .92 1.1 1.2 1.7 2.1 2.7 17 25 31 38
l l l l l l 08 .071 – .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 17 25 31 38
l 085 .073 – .43 .60 .74 .85 1.0 1.2 1.3 1.9 2.3 3.0 18 25 31 37
l l l l 09 .075 – .45 .64 .78 .90 1.1 1.3 1.4 2.0 2.5 3.2 17 25 31 37
l 15 .094 – .75 1.1 1.3 1.5 1.8 2.1 2.4 3.4 4.1 5.3 18 25 31 37
15°
l l l 01 .026 – – .07 .09 .10 .12 .14 .16 .22 .27 .35 – 15 24 28
l l l l 02 .035 – – .14 .17 .20 .24 .28 .32 .45 .55 .71 6 15 22 27
l l l l l l 03 .043 – – .21 .26 .30 .37 .42 .47 .67 .82 1.1 6 15 22 27
l l l l l l 04 .050 – – .28 .35 .40 .49 .57 .63 .89 1.1 1.4 7 15 21 26
l l l l l l 05 .056 – – .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 7 15 21 26
l l l l 055 .059 – .28 .39 .48 .55 .67 .78 .87 1.2 1.5 1.9 7 15 21 26
l l l l l l 06 .061 – .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 8 15 21 26
l l l l 065 .064 – .33 .46 .56 .65 .80 .92 1.0 1.5 1.8 2.3 8 15 20 25
l l l 07 .066 – .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5 8 15 20 25
l l l l l l 08 .071 – .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 9 15 20 25
l l l l 085 .073 – .43 .60 .74 .85 1.0 1.2 1.3 1.9 2.3 3.0 9 15 19 24
l l l l 09 .075 – .45 .64 .78 .90 1.1 1.3 1.4 2.0 2.5 3.2 9 15 19 24
Phone 1-800-95-spray, FAX 1-888-95-spray














Spray Nozzles, Standard Spray


















1/8 1/4 3/8 1/2 3/4 1/8 1/4 1" 1-1/4 2" 0.4 0.7 1.5 2 3 4 6 7 15 20 35 1.5 3 6 15
110° l 20 2.8 2.9 3.8 5.6 6.4 7.9 9.1 11.2 12.1 17.7 20 27 105 110 117 118
95°
l l l l l 10 2.0 1.4 1.9 2.8 3.2 3.9 4.6 5.6 6.0 8.8 10.2 13.5 89 95 100 105
l l l l l 15 2.4 2.2 2.9 4.2 4.8 5.9 6.8 8.4 9.0 13.2 15.3 20 90 95 100 105
l l l l 20 2.8 2.9 3.8 5.6 6.4 7.9 9.1 11.2 12.1 17.7 20 27 90 95 100 105
l l l l l 30 3.4 4.3 5.7 8.4 9.7 11.8 13.7 16.8 18.1 26 31 40 91 95 101 105
l l l l 40 3.9 5.8 7.6 11.2 12.9 15.8 18.2 22 24 35 41 54 92 95 100 105
l l l 50 4.4 7.2 9.5 14.0 16.1 19.7 23 28 30 44 51 67 93 95 99 103
l l l 60 4.8 8.6 11.4 16.8 19.3 24 27 34 36 53 61 81 93 95 99 103
l l l l 70 5.2 10.1 13.3 19.5 23 28 32 39 42 62 71 94 93 95 99 103
l 80 5.5 11.5 15.3 22 26 32 36 45 48 71 82 108 93 95 99 102
l 100 6.2 14.4 19.1 28 32 39 46 56 60 88 102 135 93 95 99 102
l 150 7.5 22 29 42 48 59 68 84 90 132 153 202 93 95 99 102
l 400 12.0 58 76 112 129 158 182 223 241 353 408 539 93 95 99 102
80°
l l l l l l 10 2.0 1.4 1.9 2.8 3.2 3.9 4.6 5.6 6.0 8.8 10.2 13.5 73 80 84 87
l l l l l 15 2.4 2.2 2.9 4.2 4.8 5.9 6.8 8.4 9.0 13.2 15.3 20 74 80 83 86
l l l l l l 20 2.8 2.9 3.8 5.6 6.4 7.9 9.1 11.2 12.1 17.7 20 27 74 80 83 86
l l l l l l 30 3.4 4.3 5.7 8.4 9.7 11.8 13.7 16.8 18.1 26 31 40 74 80 83 86
l l l l l l 40 3.9 5.8 7.6 11.2 12.9 15.8 18.2 22 24 35 41 54 74 80 83 86
l l l l 50 4.4 7.2 9.5 14.0 16.1 19.7 23 28 30 44 51 67 74 80 83 85
l l l l 60 4.8 8.6 11.4 16.8 19.3 24 27 34 36 53 61 81 75 80 83 85
l l l l 70 5.2 10.1 13.3 19.5 23 28 32 39 42 62 71 94 75 80 83 86
l l 100 6.2 14.4 19.1 28 32 39 46 56 60 88 102 135 75 80 83 86
l l 150 7.5 22 29 42 48 59 68 84 90 132 153 202 73 80 84 86
l l 200 8.7 29 38 56 64 79 91 112 121 177 204 270 74 80 82 85
l 400 12.0 58 76 112 129 158 182 223 241 353 408 539 78 80 81 83
l 500 13.4 72 95 140 161 197 228 279 302 441 510 674 78 80 81 83
l 580 14.5 84 111 162 187 229 264 324 350 512 591 782 78 80 81 83
65°
l l l l l 10 2.0 1.4 1.9 2.8 3.2 3.9 4.6 5.6 6.0 8.8 10.2 13.5 56 65 71 74
l l 12 2.1 1.7 2.3 3.4 3.9 4.7 5.5 6.7 7.2 10.6 12.2 16.2 56 65 71 73
l l l l l l 15 2.4 2.2 2.9 4.2 4.8 5.9 6.8 8.4 9.0 13.2 15.3 20 56 65 70 73
l l l l l 20 2.8 2.9 3.8 5.6 6.4 7.9 9.1 11.2 12.1 17.7 20 27 57 65 70 73
l 25 3.1 3.6 4.8 7.0 8.1 9.9 11.4 14.0 15.1 22 25 34 57 65 69 73
l l l l l 30 3.4 4.3 5.7 8.4 9.7 11.8 13.7 16.8 18.1 26 31 40 58 65 69 72
l l l l l 40 3.9 5.8 7.6 11.2 12.9 15.8 18.2 22 24 35 41 54 59 65 68 72
l l l l l 50 4.4 7.2 9.5 14.0 16.1 19.7 23 28 30 44 51 67 60 65 68 71
l l l l 60 4.8 8.6 11.4 16.8 19.3 24 27 34 36 53 61 81 60 65 68 71
l l l l l 70 5.2 10.1 13.3 19.5 23 28 32 39 42 62 71 94 60 65 68 71
l l 100 6.2 14.4 19.1 28 32 39 46 56 60 88 102 135 58 65 69 70
l l 150 7.5 22 29 42 48 59 68 84 90 132 153 202 59 65 68 70
Phone 1-800-95-spray, FAX 1-888-95-spray



















Spray Nozzles, Standard Spray


















1/8 1/4 3/8 1/2 3/4 1/8 1/4 1 1-1/4 2 5 10 20 30 40 60 80 100 200 300 500 20 40 80 200
65°
l l 200 .343 7.1 10.0 14.1 17.3 20 24 28 32 45 55 71 60 65 67 69
l 250 .373 8.8 12.5 17.7 22 25 31 35 40 56 68 88 60 65 67 69
l 300 .409 10.6 15.0 21 26 30 37 42 47 67 82 106 60 65 67 69
l 400 .472 14.1 20 28 35 40 49 57 63 89 110 141 60 65 67 69
l l 500 .528 17.7 25 35 43 50 61 71 79 112 137 177 60 65 66 68
l 580 .569 21 29 41 50 58 71 82 92 130 159 205 61 65 66 68
50°
l 02 .035 .07 .10 .14 .17 .20 .24 .28 .32 .45 .55 .71 39 50 57 63
l 03 .043 .11 .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1 40 50 56 62
l 04 .050 .14 .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4 42 50 56 61
l 05 .056 .18 .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8 44 50 56 61
l 055 .059 .19 .28 .39 .48 .55 .67 .78 .87 1.2 1.5 1.9 44 50 56 61
l 06 .061 .21 .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1 45 50 56 60
l 07 .066 .25 .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5 45 50 56 60
l 08 .071 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8 45 50 55 60
l l l l l 10 .079 .35 .50 .71 .87 1.0 1.2 1.4 1.6 2.2 2.7 3.5 45 50 55 59
l l l l l 15 .094 .53 .75 1.1 1.3 1.5 1.8 2.1 2.4 3.4 4.1 5.3 45 50 55 59
l l l l l 20 .109 .71 1.0 1.4 1.7 2.0 2.4 2.8 3.2 4.5 5.5 7.1 45 50 55 59
l l l l l 30 .133 1.1 1.5 2.1 2.6 3.0 3.7 4.2 4.7 6.7 8.2 10.6 45 50 55 59
l l l l l 40 .153 1.4 2.0 2.8 3.5 4.0 4.9 5.7 6.3 8.9 11.0 14.1 46 50 54 59
l l l l 50 .172 1.8 2.5 3.5 4.3 5.0 6.1 7.1 7.9 11.2 13.7 17.7 46 50 54 59
l l l 60 .188 2.1 3.0 4.2 5.2 6.0 7.3 8.5 9.5 13.4 16.4 21 46 50 54 59
l l l l 70 .203 2.5 3.5 4.9 6.1 7.0 8.6 9.9 11.1 15.7 19.2 25 46 50 54 59
l l 80 .217 2.8 4.0 5.7 6.9 8.0 9.8 11.3 12.6 17.9 22 28 45 50 53 58
l 85 .224 3.0 4.3 6.0 7.4 8.5 10.4 12.0 13.4 19.0 23 30 45 50 53 57
l 90 .230 3.2 4.5 6.4 7.8 9.0 11.0 12.7 14.2 20 25 32 45 50 53 56
l l 100 .243 3.5 5.0 7.1 8.7 10.0 12.2 14.1 15.8 22 27 35 44 50 52 54
l 110 .255 3.9 5.5 7.8 9.5 11.0 13.5 15.6 17.4 25 30 39 45 50 53 54
l 120 .266 4.2 6.0 8.5 10.4 12.0 14.7 17.0 19.0 27 33 42 44 50 53 55
l 135 .282 4.8 6.8 9.5 11.7 13.5 16.5 19.1 21 30 37 48 45 50 52 55
l l 150 .297 5.3 7.5 10.6 13.0 15.0 18.4 21 24 34 41 53 45 50 52 55
l 200 .343 7.1 10.0 14.1 17.3 20 24 28 32 45 55 71 46 50 52 55
l 250 .384 8.8 12.5 17.7 22 25 31 35 40 56 68 88 46 50 52 55
l 400 .472 14.1 20 28 35 40 49 57 63 89 110 141 46 50 52 55
l l 500 .528 17.7 25 35 43 50 61 71 79 112 137 177 49 50 51 54
l 580 .569 21 29 41 50 58 71 82 92 130 159 205 49 50 51 53
l 750 .647 27 38 53 65 75 92 106 119 168 205 265 49 50 51 53
l 1000 .747 35 50 71 87 100 122 141 158 224 274 354 49 50 51 53
l 1500 .915 53 75 106 130 150 184 212 237 335 411 530 49 50 51 52
l 2000 1.056 71 100 141 173 200 245 283 316 447 548 707 49 50 51 52
Phone 1-800-95-spray, FAX 1-888-95-spray














Spray Nozzles, Standard Spray


















1/8 1/4 3/8 1/2 3/4 1/8 1/4 1 1-1/4 2 5 10 20 30 40 60 80 100 200 300 500 20 40 80 200
40°
l l l l l 10 .079 .35 .50 .71 .87 1.0 1.2 1.4 1.6 2.2 2.7 3.5 32 40 45 48
l l l l l l 15 .094 .53 .75 1.1 1.3 1.5 1.8 2.1 2.4 3.4 4.1 5.3 32 40 45 48
l l l l l l 20 .109 .71 1.0 1.4 1.7 2.0 2.4 2.8 3.2 4.5 5.5 7.1 32 40 45 48
l l l l l 30 .133 1.1 1.5 2.1 2.6 3.0 3.7 4.2 4.7 6.7 8.2 10.6 33 40 45 48
l l l l l 40 .153 1.4 2.0 2.8 3.5 4.0 4.9 5.7 6.3 8.9 11.0 14.1 34 40 45 48
l l l l 50 .172 1.8 2.5 3.5 4.3 5.0 6.1 7.1 7.9 11.2 13.7 17.7 35 40 45 48
l l l l 60 .188 2.1 3.0 4.2 5.2 6.0 7.3 8.5 9.5 13.4 16.4 21 35 40 45 48
l l l l 70 .203 2.5 3.5 4.9 6.1 7.0 8.6 9.9 11.1 15.7 19.2 25 35 40 45 48
l 80 .217 2.8 4.0 5.7 6.9 8.0 9.8 11.3 12.6 17.9 22 28 35 40 44 47
l l 100 .243 3.5 5.0 7.1 8.7 10.0 12.2 14.1 15.8 22 27 35 34 40 43 46
l l 150 .297 5.3 7.5 10.6 13.0 15.0 18.4 21 24 34 41 53 35 40 43 44
l 200 .343 7.1 10.0 14.1 17.3 20 24 28 32 45 55 71 36 40 42 44
l 500 .528 17.7 25 35 43 50 61 71 79 112 137 177 38 40 41 45
25°
l l l l 10 .079 .35 .50 .71 .87 1.0 1.2 1.4 1.6 2.2 2.7 3.5 18 25 31 37
l l l l l 15 .094 .53 .75 1.1 1.3 1.5 1.8 2.1 2.4 3.4 4.1 5.3 18 25 31 37
l l l l l 20 .109 .71 1.0 1.4 1.7 2.0 2.4 2.8 3.2 4.5 5.5 7.1 19 25 31 37
l l l l l 30 .133 1.1 1.5 2.1 2.6 3.0 3.7 4.2 4.7 6.7 8.2 10.6 20 25 30 36
l l l l 40 .153 1.4 2.0 2.8 3.5 4.0 4.9 5.7 6.3 8.9 11.0 14.1 21 25 29 35
l l l 50 .172 1.8 2.5 3.5 4.3 5.0 6.1 7.1 7.9 11.2 13.7 17.7 21 25 29 35
l l l 60 .188 2.1 3.0 4.2 5.2 6.0 7.3 8.5 9.5 13.4 16.4 21 22 25 29 35
l l l l 70 .203 2.5 3.5 4.9 6.1 7.0 8.6 9.9 11.1 15.7 19.2 25 22 25 29 35
l l 100 .243 3.5 5.0 7.1 8.7 10.0 12.2 14.1 15.8 22 27 35 23 25 28 32
l l 150 .297 5.3 7.5 10.6 13.0 15.0 18.4 21 24 34 41 53 24 25 28 30
l 200 .343 7.1 10.0 14.1 17.3 20 24 28 32 45 55 71 24 25 26 29
l l 500 .528 17.7 25 35 43 50 61 71 79 112 137 177 24 25 26 29
l 750 .647 27 38 53 65 75 92 106 119 168 205 265 24 25 26 28
l 1000 .747 35 50 71 87 100 122 141 158 224 274 354 24 25 26 28
15°
l l l l 10 .079 .35 .50 .71 .87 1.0 1.2 1.4 1.6 2.2 2.7 3.5 10 15 19 24
l l l l l 15 .094 .53 .75 1.1 1.3 1.5 1.8 2.1 2.4 3.4 4.1 5.3 10 15 19 24
l l l l l 20 .109 .71 1.0 1.4 1.7 2.0 2.4 2.8 3.2 4.5 5.5 7.1 10 15 19 23
l l l l l 30 .133 1.1 1.5 2.1 2.6 3.0 3.7 4.2 4.7 6.7 8.2 10.6 10 15 19 21
l l l l l 40 .153 1.4 2.0 2.8 3.5 4.0 4.9 5.7 6.3 8.9 11.0 14.1 10 15 18 21
l l l l 50 .172 1.8 2.5 3.5 4.3 5.0 6.1 7.1 7.9 11.2 13.7 17.7 11 15 18 21
l l l 60 .188 2.1 3.0 4.2 5.2 6.0 7.3 8.5 9.5 13.4 16.4 21 11 15 18 21
l l l l 70 .203 2.5 3.5 4.9 6.1 7.0 8.6 9.9 11.1 15.7 19.2 25 11 15 18 21
l l 100 .243 3.5 5.0 7.1 8.7 10.0 12.2 14.1 15.8 22 27 35 13 15 17 18
l 120 .266 4.2 6.0 8.5 10.4 12.0 14.7 17.0 19.0 27 33 42 13 15 17 18
l 150 .297 5.3 7.5 10.6 13.0 15.0 18.4 21 24 34 41 53 14 15 17 18
l 200 .343 7.1 10.0 14.1 17.3 20 24 28 32 45 55 71 14 15 17 18
l 500 .528 17.7 25 35 43 50 61 71 79 112 137 177 14 15 16 17
l 1000 .747 35 50 71 87 100 122 141 158 224 274 354 14 15 16 17
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Spray Nozzles, Standard Spray


















1/8 1/4 3/8 1/2 3/4 1/8 1/4 1 1-1/4 2 5 10 20 30 40 60 80 100 200 300 500 20 40 80 200
0°
l l l 03 .041 .11 .15 .21 .26 .30 .37 .42 .47 .67 .82 1.1
0
Solid Stream
l l l l 04 .047 .14 .20 .28 .35 .40 .49 .57 .63 .89 1.1 1.4
l l l l 05 .053 .18 .25 .35 .43 .50 .61 .71 .79 1.1 1.4 1.8
l l l l 055 .055 .19 .28 .39 .48 .55 .67 .78 .87 1.2 1.5 1.9
l l l l 06 .058 .21 .30 .42 .52 .60 .73 .85 .95 1.3 1.6 2.1
l l l l 065 .060 .23 .33 .46 .56 .65 .80 .92 1.0 1.5 1.8 2.3
l l l 07 .062 .25 .35 .49 .61 .70 .86 .99 1.1 1.6 1.9 2.5
l l l l 08 .067 .28 .40 .57 .69 .80 .98 1.1 1.3 1.8 2.2 2.8
l 085 .069 .30 .43 .60 .74 .85 1.0 1.2 1.3 1.9 2.3 3.0
l l l l 09 .071 .32 .45 .64 .78 .90 1.1 1.3 1.4 2.0 2.5 3.2
l l l l 10 .075 .35 .50 .71 .87 1.0 1.2 1.4 1.6 2.2 2.7 3.5
l l 12 .082 .42 .60 .85 1.0 1.2 1.5 1.7 1.9 2.7 3.3 4.2
l l l l 15 .091 .53 .75 1.1 1.3 1.5 1.8 2.1 2.4 3.4 4.1 5.3
l l l l l 20 .106 .71 1.0 1.4 1.7 2.0 2.4 2.8 3.2 4.5 5.5 7.1
l l l l 30 .129 1.1 1.5 2.1 2.6 3.0 3.7 4.2 4.7 6.7 8.2 10.6
l l l l 40 .149 1.4 2.0 2.8 3.5 4.0 4.9 5.7 6.3 8.9 11.0 14.1
l l 50 .167 1.8 2.5 3.5 4.3 5.0 6.1 7.1 7.9 11.2 13.7 17.7
l l 60 .183 2.1 3.0 4.2 5.2 6.0 7.3 8.5 9.5 13.4 16.4 21
l l l 70 .198 2.5 3.5 4.9 6.1 7.0 8.6 9.9 11.1 15.7 19.2 25
l l 80 .211 2.8 4.0 5.7 6.9 8.0 9.8 11.3 12.6 17.9 22 28
l 100 .236 3.5 5.0 7.1 8.7 10.0 12.2 14.1 15.8 22 27 35
l 120 .259 4.2 6.0 8.5 10.4 12.0 14.7 17.0 19.0 27 33 42
l l 150 .289 5.3 7.5 10.6 13.0 15.0 18.4 21 24 34 41 53
l 165 .303 5.8 8.3 11.7 14.3 16.5 20 23 26 37 45 58
l 200 .334 7.1 10.0 14.1 17.3 20 24 28 32 45 55 71
l l 250 .373 8.8 12.5 17.7 22 25 31 35 40 56 68 88
l 350 .437 12.4 17.5 25 30 35 43 49 55 78 96 124
l l 570 .558 20 29 40 49 57 70 81 90 127 156 202
l 700 .618 25 35 49 61 70 86 99 111 157 192 247
l 1000 .739 35 50 71 87 100 122 141 158 224 274 354
l 1100 .775 39 55 78 95 110 135 156 174 246 301 389
l 1400 .875 49 70 99 121 140 171 198 221 313 383 495
l 1800 .992 64 90 127 156 180 220 255 285 402 493 636
l 2000 1.045 71 100 141 173 200 245 283 316 447 548 707
l 3500 1.383 124 175 247 303 350 429 495 553 783 959 1237
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H-VV H-VVL H-DT H-U H-DU U
Brass (none) l l l l l l
Mild Steel l l l l
303 Stainless Steel SS l l l l l l
316 Stainless Steel 316SS l l l
Polyvinyl Chloride PVC l l
Other materials available upon request.
Spray Nozzles, Standard Spray
Ordering Info
Standard Spray nozzle
H 1/4 VV – SS 110 10














1 U – SS 50 500

























1/8 7/8 1/2 1/2
1/4 29/32 9/16 3/4
H-VVL
(M)
1/8 1-13/32 1/2 3/4
1/4 1-1/2 9/16 1
H-DT
(F)
1/8 3/4 1/2 1/2
1/4 25/32 5/8 3/4
H-U
(M)
1/8 7/8 1/2 1/2
1/4 1 9/16 3/4
3/8 1-1/4 11/16 1-1/2
1/2 1-1/2 7/8 2-1/4
3/4 2 1-1/16 5
H-DU
(F)
1/8 1-1/8 1/2 3/4
1/4 1-1/4 5/8 1-1/4
U
(M)
1 2-1/2 1-5/16 dia. 9
1-1/4 3-3/4 1-11/16 dia. 20
2 5 2-3/8 dia. 68
Based on largest/heaviest version of each type.
Phone 1-800-95-spray, FAX 1-888-95-spray
Visit Our Web Site: www.spray.com, Email: info@spray.com
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ALTERNATIVE TO SOIL ZONING 
USE ROADBASE IDGB20J PLACED IN 150 THICK LAYERS 
AND COMPACTED TO 95% OF THE MODIFIED COMPACTION 
TEST E2 .1 IN ACCORDANCE WITH AS 1289 
OVERLAY ZONE 
COMPACTED ORDINARY FILL 
SIDE ZONE 
3 








5 6 7 8 9 10 
PIT PIT TYPE RISER TOP CO-OROINA TES 
EXAMPLE~~P~1--1-~*~60~0~W~ID~E~x~6~0~0~LO~N~G~x~12~0~0~HI~GH~(IN~T~ER~N~AL~J--~1~/~3~00~HI~GH~R~IS~E~R~--1~50~-~HD~PIT~CO~V~ER~~·~C~AS~T~IR~O~N~H~D~G~RA~T~E~L~O~BS~T~ER~PO~T-------+~E~2~4~6~80~1.~97~2-+~N~12~67~~30~4.~95~0 
* - STEP RUNGS AT 300 CRS TO BE INCORPORATED (LOCATED ON SIDE FACING ONCOMING RAILWAY OR VEHICULAR TRAFFIC) 
PIT TABLE 
COMPACTED SELECT FILL. GRADING 
AS PER TABLE 1 OF AS 3125 
HAUNCH &BED ZONE 
COMPACTED SELECT FILL. GRADING 
AS PER TABLE 6 OF AS 3125 
OVERLAY ZONE -------+c'==-*=:== ~ ~ ~ ~ 
HAU~~~ ~~~~===~f~~~~~~~..:,"~O~-~·"~'""~:..: ==-=,-;_~~~----,IL 1- os 'D' 





BED ZONE------/ / 
/ 1so ·D· 150 
MINIMUM CLASS 4 PIPE . MIN MIN 
REFER TO GENERAL ARRANGEMENT 
FOR PIPE SIZE, CLASS AND TYPE. 
ALL PIPES NON-SLOTTED TRENCH 
HS1 SUPPORT 
- 0.3 'D' 
-100 IF 'D'~ 1500 
150 IF 'D' > 1500 





A CROSS SECTION PERPENDICULAR TO THE TRACK IS REQUIRED 
AT EACH UNDER LINE CROSSING . THE SECTION IS TO SHOW 
TRACKS, FORMATION, PIPES, PIPE INVERTS, PITS, DIMENSIONS FROM 
RAIL TO TOP OF PIPE & CESS GROUNDLINE TO TOP OF PIPE . 
THE PIT TABLE ABOVE IS TO BE DUPLICATED FOR EACH PROJECT WITH 
INFORMATION COMPLETED FOR ALL PITS. 
THE TABLE SHOULD BE SUITABLE FOR ORDERING ALL PIT MATERIALS . 
ANY NON-STANDARD OR CAST IN-SITU PITS ARE TO BE FULLY DETAILED 
AND INCLUDE REINFORCEMENT AND LIFTING DEVICES 
200.I. 
t PIPE & 6 FOOT 
')( MIN LAP r REINS TA TE CAPPING LAYER. 
,()r (MAX 250) FALL TOWARDS PIT INLET 
~=o-=""w'>l.~>f::!--=';;:""9]'-~~ : ~ ~ / {]uD~ BALLAsT 
:.:c >J'o.--?W~ 1JO FALL--~ ---130 FALL .o«&J9't~ 
~ / 7 / / v / / / / / // / / /_ / / / / / / CAPPING LAYER 
~!:: =~~=~ ~v-NON-SLOTTED PIPE 
~------~--~~==-====~ 




1 DIMENSIONS SHALL NOT BE SCALED FROM THIS DRAWING . 
2. THIS DRAWING WAS PRODUCED FROM EXCEPTS FROM ESC420 & TMC421 
NO DESIGN WAS CARRIED OUT IN PRODUCING THIS DRAWING 
DESIGN 
1 DESIGN LOADING • 
TRAIN LOADING ESC420 (DEPENDS ON LINE TYPE) 
ACCESS ROAD VEHICLE LOADING · R20 VEHICLE AS PER ESC420 
TRAIN AND OTHER LOADS CONSIDERED IN THE DESIGN !EG TAMPING 
MACHINE) TO BE SHOWN ON THE GENERAL ARRANGEMENT DRAWING 
2. DRAINAGE HAS BEEN DESIGNED IN ACCORDANCE WITH ESC 420. 
l THE PIPE SYSTEM HAS BEEN DESIGNED FOR AN AVERAGE RECURRENCE 
INTEVAL !ARIJ OF 50 YEARS. 
4. DESIGN LIFE OF ALL DRAINAGE COMPONENTS TO BE 50 YEARS . 
SURVEY 
1. ALL LEVELS ARE TO AUSTRALIAN HEIGHT DATUM (AHDJ UNO. 
2. ALL COORDINATES ARE TO INTERGRATED SURVEY GRID (ISG) UNO. 
CONCRETE PIPES/PITS 
1 ALL CONCRETE WORK SHALL COMPLY WITH THE AS3600 . 
2. ALL PITS TO BE MANUFACTURED BY THE 'WET CAST' PROCESS . 
FIBRE REINFORCED CONCRETE !FRCJ PIPES 
1 FRC PIPES TO COMPLY WITH AS 4139 . 
2. PIPES TO BE HANDLED AND INSTALLED AS PER MANUFACTURERS 
SPECIFICATIONS . 
HIGH DENSITY POL YETHYLENE PIPES (HOPE) 
1. MANUFACTURED BY ADS & SUPPLIED BY CUBIC SOLUTIONS. 
GEOFABRIC 
1 GEOFABRIC TO BE BIDIM A44 (OR APPROVED EQUIVALENT) HAVING 










~( ! ]1mmiT• ALL DETAILS AS PER 
~\.u ADJACENT SECTION -
(Y'.)')< 
E 





= 	 =F 	 I • ..I 
.' "" ""::z:~ ::;:: 
' 
ALTERNATIVE DIMENSIONS IF PREFERED DIMENSIONS ARE NOT ACHIEVABLE 

# - CAN BE REDUCED TO 100 IF THE PIPE IS BETWEEEN TRACKS WITH TRACK CENTRES 
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